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THE 


* piſtle Dedicatory 


TO THE 


Learned and Ingenious 
70 HN BRIDGES Eſq; 
Sollicitor of the Cuſtoms. 


Dear SIR, 


HEN I conſider. the ancient 

Date of our Friendſhip, and 

reflect, as I always do with 

Pleaſure, on the many happy Hours we 
have ſpent together, and that tod in Diſ- 
courſes we need not now be aſham'd of: 

When] ſee ftill in my Friend the ſame 

true Engliſb Honeſty and Integrity, the 

ſame fincere Love for Virtue and Ho- 

nour, and the ſame warm Affection for 


all 


| 
| 
| 
| 


to do it this way, and to continue, as 
I have long done 


The Epiſtle Dedicatory. 

all uſefal and ſubſtantial Learning, 
which at firſt made me juſtly Admire 
him and Devote my ſelf to him: When 
I conſider a Genius every way improv*d 


(and no way injur'd) by Travels into 


Countries, from whence too many 
bring home nothing but Vice and Im- 
pertinence: And when I am fo happy 
as to find by Experience, that even the 


hurry of Buſineſs it ſelf cannot make 3 


Mr. Bridges forget or neglect either 


Learning or his Friend: Then would I 


gladly ſhew that I am neither Unjuſt 
nor Ungrateful, but as doubly a Debtor 
both to your Merit and to your Friend- 
ſhip, tell the World J have a due Senſe 
of both : Permit me then, Dear Sir ! 


7 our Real Friend; * 


= © and moſt Obliged Humble Servant, | 


John Harris. 
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His ſmall Trait of that Admirable 
Science, Algebra, was written pri- 
marily for the Uſe of my Auditors at the 
Publick Mathematick Lecture; which 
was ſet up at the Marine Coffee-houſe in 
Birchin-Lane, entirely for the Publick 
Good, by the Generous Charles Cox Eſq; 
Member of Parliament for the Burgh of 
Southwark. - | 
3 _ is ſhort indeed, but I think 
plain enough every where, eſpecially in thoſe 
1 — which — been leſs "Treaed of 1 
our own Language, viz, The Geometri- 
cal Conſtruction of Equations: Which I 
have carried as far as to Biquadraticks, 
and have ſbemꝰd you plainly how toConſtrutt 
all Equations not exceeding four Dimenſi- 
ons, by the help of a Circle interſecting the 
Curve of a Parabola. 
T have alſo demonſtrated the Properties 
of the Parabola on which thoſe Conſtruttions 


depend ; 


To the Reader. 
depend; and have given you beſiaes, the 
Method of the Inveſtigation of the famous 

Mr. Baker's Central Rule. 

And becauſe I have not yet found it 
r done by any one in the En- 
Book was nor ben Bluſh Tongue, I have gi- 
Publiſued. ven you a ſhort Account 
| of the Nature and Alpo- 


rithm of Fluxions, and one or two Inſt an- 


ces of their Uſe and Application : But in 
this I have been deſignedly as brief as palſi - 
ble I could, intending by it only to ſtir up 
the Readers Curioſity to peruſe thoſe Ex- 
cellent Treatiſes which I have there menti- 
oned : And which when he hath done, I 
know I ſhall have his Thanks for that lit- 
tle Sketch of Fluxions, which he will find 
there. | 
In the whole I have propcſed to my ſelf 

rather to Inſtruct the Young Engliſh Be- 
ginner, than to improve the Learned Pro- 


ficient ; as knowing that if I can but help 


to lay a good ſubſtantial foundation for 


bum, his own Diligence aud Application 


will raiſe the Structure to what height he 
pleaſes ; bat without beginning right (which 


To the Reader. 
is too commonly neg lected) nothing is to be 
done. | 


In this Second Edition, I have endea- 
= woured to Correct the Fault3 of the for- 
mer; and have added ſome few things in 
the Fluxions, to make that Matter as plain 
and intelligible as I could, in ſo little 4 
room. 

And to thoſe who would purſue this Mat- 
ter farther, I recommend Mr. Hayes's 
FTreatiſe of Fluxions, Pabliſbed ſince the 
2 Firſt Edition of the Compendium, 
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INTRODUCTION. 


HE Name Algebra, Dr. Wallis ac- 
quaints us, is Derived from the two 
firſt Words of Al-giabr, Wolmokaba- 
la, which in the Arabick Tongue 
ſignifies; The Art of Reſtitution and Compariſon, 
or The Art of Reſolurion and Equation, Ir was 
unqueſtionably known ro the 2 Grecians 
(for there are plain Footſteps of it in Theon upon 
Euclid, in Pappus, and eſpecially in Archimedes 
and Apollonius) but it was ſtudiouſſy conceal'd by 
them, and kept as a great Secret. It was yet of 
more Ancient Uſe among the Arabians, who are 
3 ro have received it from the Perſians, 
and they from the Indinns. From the Arabs, the 
Moors and Saracens brought it into Spain: From 
whence it came into England: Aꝗs did alſo the Uſe 
of rhe Numeral Figures, Mathematicks in general, 
and Aſtronomy in particular, much about the 

Wo : ſame . 


I. 


2 INTRODUCTION. 


ſame Time, The firſt” European Writer of Alge- 
bra was one Lucas de Burgo, or Lucas Pacciolus: 
His Book was Printed at Venice in Iratian 
A. P. 1494. 4 good while before we knew any 
thing of Diophantus. This Great Art, as Lucas de 
Burgo and Cardan call it, may be defined, or ra- 
ther deſcrib d, to be an Analytical Way of Demon- 
ſtration, where, aſſuming the Quantity ſought as if 
it were known and granted; by the help of one or more 
Quantities really given or known, we proceed by Con- 
ſequences, till at Izſt the Quantity 5 ſought, and 
only ſuppaſed to be known, n found equal to ſome real 
known Quantity, and fo is it ſelf (of Conſequente) 


diſcovered. 


2. The Quantity thus ſought is called the Root, 
which being unknown cannot be really Npreſsd; 
but may be defign'd by any Symbol or Character 
at pleaſure, 1 (with moſt others) uſe Vowels for 
unknown, and Conſonants for known, or given 
Quantities ; as () or (e) for a Root ſought. Tho | 

es Cartes and his Followers and moft Foreign 

rirers uſe the laſt Letters of the AN *, Y,. 
and x, for unknowti Quantities, and the former 
Letters as 4, b, c, d, &c. for known ones. 


3. The Art of Algebra doth much depend on 
the knowledge of Eu certain Quantities, by the 
Ancients called Ceſſic Quantities, bur moſt uſual- 
ly Powers. Which Quantities ariſe from a Rank 
of Numbers in continual Proportion Geometrical, 
beginning from Unity * for every Term, but the 
ficlt (or Unity) is calld ſome Power, as in thele, 

1, 2, 4, . 16, 32, Se. The firſt Term (2) a 
| 2 rae 
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INTRODUCTION. 

the Roar or firſt Power; the ſecond Term (4) 15 
the Square or ſecond Power, The third Term (8) 
is the Cube or third Power, Oc. - KA 
So in a Rank of Fractions deſcending from 
> Unity in the ſame Proportion: as 1,4, 4 +, +» 
, -+, Ge. the ſeyeral Terms have alſo the fame 
> Names of Powers. 


4 Hence tis clear that any Number being ta- 
ken a8 4 Root, the ſecond Power or Square will de 


; produc d by Mukiplying the Root by it ſelf ; che 
: I. by Muliphying the ſecond 
Power by the Noot, &c, 


J. If over ſuch a Rank of Numbers in Geome- 
trical Proportion continued, there be placed a 
7 Sexies of Numbers beginning with (1) and pro- 
ceeding orderly, in an Arithmetical Progreſſion, 
28 I, 2, 3, 4» 5, 6, Sc. thoſe Numbers are Pro- 
perly called Badexes or Exponents : Becauſe they 
1 th ſhew rhe Order and Place of each Power; 
and alſo its Dimenſions : ( i. e.) how often the 
Root is Multiplyed into ir ſelf rp produce chat 
Power: For as many Unites as are in the Expo- 
nent, ſo many Powers is that Number from Uni- 
ry (v. g.) if rhe Index be 5, the Power under it, 
is the fifth Power, ar the Biguadrate multiplyed 
by the Root. 


6. The SunſAriſing from the Addition of any 
two Indexes makes another, ſhewing what Power 
would be produced by the Multiphcation of the 
two Powers Anſwering : So, that by adding them, 
Multiplication is made in the Numbers themſelves, 


B 2 on 


i 8 


4 INTRODUCTION. 


on which depends the Nature and Uſe of the Loga- 
rithms : And ſo on the contrary, Diviſion in the 
Correſponding Numbers Anſwers to the Subtracti- 
on of the Indexes one from another, 


7. Powers from any Letter repreſenting the 
Root are produced, by repeating it ſo often as the 
Index of the Powers requires; ſo from the Root 
() the Square is (aa) the Cube (aaa) the Biqua- 
drate (aaaa) the fifth Power (aaaaa) the fixth 


(aaaaaa) the ſeventh (aaaaaaa) &c. or as Des Car- 
tes by the Indexes chuſes rather to expreſs it, 


a*, a, a*, a, a®, a", &c. which is ſhorter and 
more convenient in many Caſes. : 


8. In a Rank of Fractional Numbers deſcend- b 


ing from Unity (as before) the Indexes are all Ne- 


pane, and are imagined to have this Sign (—) 
before them, which is implyed in Writing them 
Fraction-wiſe, thus 1, 2, 3, 4, 5, &c. | 


9. Like Quantities in Algebra are ſuch as are | 
Expreſs'd by the ſame Letters equally repeated in 
each Quantity; as a and a, band b, bed and b cd, 
Unlike Quantities are ſuch as are either Expreſs'd 
by different Letters, or by the ſame Letters un- 
equally repeated, as à and b: or a and aa: band 
b b, &c. 

Like Signs are, when they arg, all of the ſame 
Nature, as ai} Pejitive or all Negative. 

Unlike Signs are, when ſome of them are Poſi- 
ive or Affirmatives, and others Negative, 


Simple 


— — — TS = 


INTRODUCTION. 5 

Simple Quantities are ſuch as conſiſt of but one 
Member; but Compound ones are ſuch as are Com- 

unded of 2 or more Members Connected by the 

igns ＋ or —. | 

Coefficients are ſuch Numbers as are prefixed 
before any Letters: As in 5 4, 7 c. The Coeffici- 
ents are 5 and 7: They are ſo called, becauſe 
they are ſuppoſed ro help ro make a Product or 
Rectangle, with the Quantity Expreſs d by thoſe 
Letters: As will be farther Explained hereafter. 
All Quantities expreſs d by Letters which have 
no Number prefix d before them, are ſuppoſed do 
have 1. for a Coefficient : Becauſe every thing con- 
rains ir ſelf once: Thus, 6 is the ſame as 1 6. 

If a Letter or Quantity have not the Negative 
Sign before it, tis always ſuppoſed to have the 
Afﬀfirmarive one . 
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ADDITION. 


DDITIO N in 5 or Sper ies, is J 
in general, 5 


* 


C25 ＋ 5. 


"ee Qpanuties 
x bien . Which is 2 1 
e e belong to che Quantity which fallows 


Addition in Algebra may gag 


When Simple 
Signs are to 


RULE I. 


le and Like Integers having Like FC 
added, collect the Numbers (or 
Coefficients nol Sum, and to that Sum 


conjoyvitg ö 
L preſerying 

And the p per 
ways 3 


| has i #0 2 4Þ.the Sum is 3 +2. or 4. 1 
and AL 2 b when added ro C+ bb makes 4 + | 


| be learnt by ob- | 2 
\ſerving the following particular Rules. 


x 


4 
bs 


Lo 


1 
IE. 


annex the Letters by which any of the Quantities 
was expreſs'd, and laſtly prefix the proper Sign. 
Thus — 6 and ed and—36de 
—2b +2bcd —44 „ 
— — ＋4 ed | 
-make—3 6 make —4 ode 
make 7bed 


Kurs 


mm —- Ay 


— c 
Faq hk +24 ah ed 
— JC 
* <A. 4305be 
_ 7 —tofq +448 9 EE 
De. -Uſqhk. T e . 
239 +Emn — &'pqrst 
+39 —Cmn +b6pygrst 
42 4 dt Ed 
0 0 0 O 0 000 0 
— — — 11 — —— 


4 equal Nuttibers 


ADDITION. 7 
KULE n.. 
When two Simple and like Quantities have 


prefixe, and utilike Signs, the 

Sum is os. | 
Thus 3 ud, and=7 dee 
F — 34 + bb 71e 
oo | 60 oo 


N. B. The Reaſon of Which is plain, if you 
conſider that all Quantines having negative 
Signs, are in Nature directly contrary to ſuch 
as have Affrmative ones: And therefore 
will always deſtroy one another. Thus, if 
a Man have 10 pounds in Caſh, and run in 
Debt 10 J. that is, if to his Caſh he add a 


o J. (which is the way to —_— 2 
Debr) there will Nin nothing: Fot the 
Debt or = 10 /, Will deſtroy the Caſh or 
＋ 10. So allo if 4 Man owe 16 J. and 
have nothing to Pa it; then hath he a= 
| fol. or is to/, wofle than nothing: Ahd if 
any Perſon give him 10 J. or add a 10 J. 
to his 16 J. the Sum will be nothing; but 
however the Man will, tho worth nothing, 
de 10 4 better than he Was before. 


$6 thar dis a general Rule in Algebra, that to 


add —, is the ſame thing as to take away , and 
to take away —, is the ſame thing as to add +, 
and to take away -＋ is all one as to add. 


RULE 


8 ADDITION. 
RULE m. 


| When two Simple and like Quantities are gi- 
ven, having unlike Signs, and unequal N umbers 
prefixt ; ſubtract the leſſer Quantity from tlie 
greater; and to the Remainder annex the Let- 


rers due — the Sign that belong to the 


* antity. 
Thus, Pony and = 8 5 
— 2 -|-2b 
: n 4 i 5 7H b : $44 


The Reaſon of which is Get from whar was 
aid in the N. B. of the laſt * 


RULE IV. 


When three or more Simple ak like Quantities 
have unlike Signs, Collect the Affirmative Quan- 


rities into one Sum, and the Negative into ano- 
ther, then proceed as in the third Rule; and. the 
3 between them is the Sum ſought, 


Thib—1aL=—10 2 


9855 
L N 


| 4.4 = Sum, 


UE 


F F A 7 


+ c bed —Itnoparit 
Zb Col ＋ uhoparit 


oN — 7 t. 


Kr +Cmno FfK 
2 S 13 ] — YO FETs 
+ 6k t i Emm 17975 2 
9 +8Emno — 39 fg K. 


— —— — — 


— . — — — 


N 4yEmno 009% 0 


* 
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+34 ＋ 6 K 


7 7 — 0. * 


— — 5 
36699469 6 ** Ion + ſt m 


Gee — bod 


3k+49 
289741 
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ADDITION. 9 


RULE V. 


When two ot more Simple and unlike Quanti- 
ties are propoſed, write them down one after a- 
nother, withour altering their Signs. 


? Thus, +34 
9 +46. 


4 +3a+46 


From due Apprehenſion of, and mature Conſi- 
deration on which Rules, the Addition of Com- 
pound Quantities may be eaſily performed. Thus, 


+ 3ee+7bb 
— ee — 243 
0 r- 
Sum, 3ee+>7bb—ee—2bb+ff+ 3 ff. 
Contracted + 2 ce ＋ 566b+3Fff {on 


Addition of Indexes, is performed after the ſame 
Manner as that of Algebraical Quantities. | 

Thus: To 3 add 3, the Sum is 6 ; where both 
are the Indexes of Integer Numbers: Bur to 3 
add 2, the Sum will be 1; to ; add 3, the Sum 


U @ © 


will be 2, Ge. 
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SUBTRACTION, 


UBTRAC TION in the cats is ta- 


king a leſſer Quantity out of a greater, in 


order to find the Difference between tbem, 
which Difference is in Common Arithmetick, u- | 4 


ſually call'd the Remainder, as the leſſer Quantity 


to be Subtracted, is call d the Subtrabend. The | ] 


Difference is ufually Noted with x or d. 


The general Mark or Sign of Subtraction in 
Algebra, is —, which whenever it comes between 


two Quantities, belongs to the latter of them. 


Suberattion in Algebra is perform'd by conjoin- | 
ing the Magnitudes together, but al- 


ways changing the Signs of the Sabrrahend. 


Fim: If from 4 a you would Subtract 4; by 


changing rhe Si of the Subtrahend, it will fand 


. = 3 a; or thus, 44 


| = Is 


So alſo, If from 6 5 — 275 you | 
wecre to Subtract 6b — 54h % — 45g; there | 
would remain only 3fg; for from 6 þ— 54 þ 


472 


3 


kd JJ TH we 


From 3974 k£ 
lake 2 Rs Hy 


* - 294k Le-nm T pg 


——— — et r —— 8 — 8 


From 21 ee be + * 
Take 20ee Le 4 


A 1 Se -e Cl 


— 0e e ＋ K 2 
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SUBTRACTION. 11 


247. taking the ſame Quantities by changing 
of rheir Signs, or adding them to it with their 
Signs already chang'd, and Comparing and Con- 
tracting them as taught in Addition, there will 
remain nothing but 8 f g. 8 
For to Subtract , is the ſame as to add — and 
to Subtract — is all one as to add +, | 
The Reaſon of which will be plain from the 
Inſtance given in the N. B. of Addition, and now 
applied ro Subtractlon. Suppoſe a Man have but 
10 l. in Caſh: Tis plain, that if from him you 
take 10 l. he can have nothing leſt, which is Com- 
mon Subtraction. Or if you make him run into 
Debt 10. that is, add to his real Caſh a — 10 /. 
22S he will ſtill be worth nothing in Reality. But if 
any one will pay that 10 J. for him, or which is 
all one, take away the Debt of 10 J. or Subtract 
the — 10 J. he doth as much ſervice as if he ad- 
ded a real 10 /, to his Caſh. Wherefore all man- 
ner of Subtraction in Compound Quantities may 
eaſily be perform d by only obſerving the general 
Rule of Subtraction, to change all the Signs of 
the Subtrahend ; and then comparing the ſeveral 
Members together and Contracting them. f 
One Inſtance is enough: Suppoſe from 36 4 + 
5nn — 72 bb, you were to take 30 d +5 un 
— 72 b b, write them down one under another, 


changing all the Signs of the lower Rank. Thus, 


36 d+3nn—72bb 
— 30 d— 5 72 


6d 


C2 And 


12 SUBTRACTION. 


And then comparing them together, you will 4 
find all Deftroy'd, or to Vaniſh by the contrariery 
of the Signs, but 6 d. which therefore is the true 


Difference between thoſe Quantities, 1 


2 


Subtrattion of Indices, i is done as in Al gebraick 1 
Quantities, hy changing the Signs of the ers. 4 
hend. Thus, if from 3, the Index of the 2 14 
. rithm of an Integer Number, you take 2 the In. 
dex of the Logarithm of a Fraction, the Diffe- 
rence will be 5; if from 3 CFD tent the Ref 

mainder will be T 13 taking 2, the , 
Difference will be 5. 


— 
way — . 
* * 


wur. 


few - e +3904 
Take g+6— CC OO 


C- J9-04ec 
—q- 6 +{8- ee #00—9-c 


— 0C * 2K Cee Lord 
Fre 2 3 —09 ect) 
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MULTIPLICATION. 
o Mulriplication in Algebra, the General 
4 Rule is, to conjoyn the Quantities propos d 
q . by the Sign of Multiplication (x.) Which 
Sign, when the — to be Multiplied are ex- 
preſs d by but one or two Letters, is uſually omir. 
ted, and rhe Quantities written down like Let. 
ters in a Word, as you will find below. 

The General Rule about the Sign is, that /ihe 
Signs always give +, and wnlike Signs, — in the 
Product. That is, if the Signs are either both 
Poſitive, or both Negative. the Product will al- 
ways be Poſitive, but if one Factor be Poſitive 
and the other Negative, the Product is always 
: The Reafon of which follows be- 

w. | 
In Algebraick Multiplication, tis moſt commo- 
dious to begin to Multiply at the left Hand, be- 
cauſe we write that way. 


Particular Rules. 


I. If Two or more fingle Quantities expreſs'd 
by Letters, whether Like or Unlike, are ro be 
Multiplied into one another, and have no Num- 
bers or Coefficients perfixt, joyn them together 
Rke Letters in a Word. { ; 
| Thus 


14 MULTIPLICATION: 
Thus, , « MulFhlied by 4, brd, make l 6d 


by 4 | by q pr 
Productabdo  Produtmnopgr. 


II. If two or more ſimple Quantities, whether 
Like or Unlike, are to be Multiplied, and have 
Numbers or Coeſſicients before them; firſt Mul- 

riply the Coefficients one into another, and then 
io the Product annex the Letters of both Quanti- 
ties, Sanne ere $19 er r J 


Thus 11 3 «were-r0 be Mukdplied:byy)g b, the j 


nn will be 12 4 6, 


36 mn. | * 
nan nd 9 def, 


. 


Product N J Product 33e %ĩꝶf 


Ul. The Mulriplication of Compound Quan- 
eities depends entirely on the Preceding Rules; 
only you muſt be ſure to Multiply every Member 
of one Factor into every one of the other, and 
obſerve the Rule above given about the Signs. 
Ahus, 5 
4 + 4 — 0 
by g — 6+f | 

prod. N b ee 


IV. When 


Examples 
=P 
. c. 


ated 


efgh 


——— — ͤ ſD»“kmʒ — W. — 
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9 0 
gas 
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MULTIPLICATION. 15 


IV. When one and the ſame Quantity is Mul- 
tiplied by its ſelf, the Product is call'd the Square 
of that Quantity; and if that Square be Multi- 
plied again by the Roor, rhe Product is called the 
Cube, &c. And this way of producing the Pow- 
ers of Numbers or Quantity, is calld by Dr. Pet, 
and ſome others, Involution. 


Thus, 4 Xx by « = 44 the Square, and 74 x 
by a = 4 aa the Cube or third Power, and a a & 
x4 = 44 4 a, or a* the Biquadrar, Sc. 

Tis the ſame thing in Compounds. 


a + b 
a + b 


Product a a + 2 46+ bb = the Square of a 
and if that Square be Multiplied again by 
a+b,it produces a a 4 + 3aab+ 3bbatbbsb, 
which is the Cube of a + 6. 


N. B. That in Algebraick Multiplication, like 
Signs muſt give a Poſitive Product, and un- 
like Signs a Negative one, may be thus De- 
monſtrated. | n 
I. Since Multiplication is only. adding one Fa- 
Qor (or the Multiplicand) to its ſelf as often as 
there are Unites in the other, or in the Multipli- 
cator: Therefore + Multiplying +, muſt pro- 
duce +; ſince the Sum ariſing from the Addition 
of Poſitive Quantities, muſt be Poſitive. 


LA 
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II. A Quantity with an Affirmative Sign, Mul- 
diplying one that hath a Negatine one, muſt Pro- 
duce a Negative Product; for tis only adding the 
Negative Factor to it ſelf as often as there are 
Units in the other. Now, never ſo many Nega- 
tives added together, will ſtill be Negative; and 


fo the Product muſt have a Negative Sign. 


* Tires — 12 in the Product, becauſe 
— Tis only taking — 6, as often as 
—12 there are Units in 2, i. e. twice; 
therefore the Prod. muſt be — 12, 


III. Negative Quantities Multiplying Poſitive 
ones, muſt 22 a Negative Product; becauſe, 
in this Caſe the Multiplicator havivg a Negative 
Sign, works on the Multiplicand by 4 


' which therefore muſt be Subtracted or made Ne- 


ative (by changing its Sign) as often as there are 


2 ive Units in the Multiplier. Thus, If +6 


de Multiplied by— 2, the Product here alſo muſt 
be — 12; becauſe the Multiplicarnr 2 having a 


Negative Sigs, ſhews that the Multiplicand muſt 


be Subtracted twice from reality, or twice tepeat- 


ed with a Negative Sign; wherefore the Product 


muſt be Negetive. 


2 
"SY 


Product — 12 


IV. Nega- 
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IV. Negatives Multiplying Negatives muſt pro- 
duce an Affirmative or Paſitive Praduct ; — 
Multiplication by a Negative Quantity being only 
a Subtraction or changing the Sign of the Multi- 
plicand as often as there are Units in the Multi- 
plicator; and ſince Subtracting — is the fame as 
Adding + (as was ſhewed in Subrraction) the 
Defect of the Multiplicand is by this means - 
ken away, and conſequently the Product will be 
Affirmative. , , _ 


Thus, If — 6 be Multiplied by — 2, the Pro- 
duct will be + 12 ; becauſe rhe Mulyphleator 2 
having here a Negative Sign, acts on the Multi- 

licand by Subtraction, Suhtracting its defecive 

ign, or changing it into an Affirmative ona, (for 
to Subtract — is to add +) as oſten as there ate 
Units in ir ſelf, Wherefore the Product muſt have 
a Poſitive Sidn. Q. E. D. 
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DIVISION 


IIS ION in Algebra in the General, is 
Reducing the Dividend and Diviſor to 
the Form of a Fraction, which Fraction 


is the Quotient. Thus, err l 
by c 4: It is in Algebra * r this 
F raction is the Quotient. 


cd 


Some expreſs Diviſion thus d) oor, ns 


e d, which banker: 9 * Sign of 


Diviſion. 


For duly performing the Work of . 
Diviſſon, obſerve theſe Rules: 


I. When the Dividend is equal to, or the ſame 
with the Diviſor, the Quotient is 1. (not o.) For 


every thing is it ſelf once. Therefore when ever 
this happens, as it will often do in Equations; re- 


member always to place 1. in the Quotient. 


II. When the Quotient is expreſs d Fraction- 
wiſe, (as in Simple Diviſion) if the ſame Letter; 

are found equally repeated both above and below 
the Line of Separation, you may caſt off thoſe 
equal Letters, and the alader will by th 
rue Quotient. Thus, 


ab 


qa okktm 
Tia Rk = 
= 
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#h 6 4 be 
— and ——= e, &Cc. 
db 14 ab 


The Reaſon of which is plain; becauſe the Fracti- 
me 

on — being Multiplied bh above and below the 
d 


Line by b (in the firſt Inſtance) hath ner its Va- 
lue at all „ thereby, and therefore when the 
A ; 


Quantity — comes to be Divided by the com- 
mon Multiplier 6, which is done by cafting off 6, 
the ſame Value will remain and ans is the Quo- 
tient. F 


III. When the Quantities expreſs d by Letters 
have any Coefficients, Divide them as in Common 
Arithmetick, and to the Quotients annex the 
Quantities expreſs d by the Letters. Thus, 


360 ab 


24 


Only remember that if the Quantities have unlike 
Signs, the Quotient muſt have a Negative Sign, 
of like Signs a Poſitive one. 


IV. The General way of Diviſion of Compound 
Quantities is like the ordinary way in Common 
Arithmetick: Reſpect being had to the Rules of 

| D 2 Alge- 


— 


10 DIVISION. 


Algebraic Addition, Subtraction and Multiplicati- 
on: Obſerving always this, Thar like Signs give 
- and unlike — in the Quotient, as was faid | 

before. © | 
You muſt always take Care to Divide every 
Member or part of the Dividend, by its proper 
Diviſor : . e. by ſuch an one whole Letters ſhew 
it to be of the ſame Brd with the other): For 
you muſt always place ſuch a Letter in the Quoti- 
ent, as will, when Multiplied into the Diviſor, 
ace the Dividend (ot at leaſt a good part of 


it) ſince the Dividend is a Rectangle under the Di- 
viſer and Quotient, Thus, 


84+ b) aa ab—ca—cb (a — 
a 4-4 


I-10 — S — 1:24 - C4 NL 
163! | 
Sus 
s — 128x77 
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Another Example. 


zdd ee) od 12 d* e—qdeeg—ecee(3dd4-4de+ee 
9d* —3ddee 


12 d e ＋3ddee - Adee 
200 %% — Adee 
3d dee — e 
3ddee—et 


N. B. That the ſame Reaſon for like Signs 
giving a Poſitive Quotient, and unlike a Ne- 
wm one, holds here as well as for the Pro- 

uct in Multiplication, is clear, from conſi- 
dering the Nature of Diviſion. 


For every Dividend being nothing but a Pro- 
duct made by Multiplying the Quotient by the 
Diviſor; the Sign of each Factor muſt be ſuch, as 
according to the former Rules in Multiplication, 
can produce the Dividend. Wherefore if the 
Dividend be Poſitive, and Divided by a Negative, 
the Quotient muſt be Negative; Since if it be 
Poſitive, it cannot produce the Dividend by Mul- 
tiplication into the Diviſor. If the Dividend be 
egative, either the Diviſor or Quotient muſt 
have a Negative Sign; but they cannot be both 
Negative. For then they would produce a Poſi- 
tive Dividend. | 

Wherefore tis plain that, if the Dividend be 
Divided by a Quantity, which hath a ie Sign 
with it, the Quotient muſt be Poſirive ; bur if by 
one having an unlike Sign, the Quotient veill be 
Nevative, e OF 


© 


(22) 
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FRACTION 


\ HFadtion is a broken Number, or Quanti- 


ry, expreſſing the Parts of ſome Integer. 
| Ir conſiſts of two Parts with a Line of Se- 
| paration placed between them, Of which, that 
1 above the Line is calld the Numerator, becauſe 
| it Enumerates or tells you how many of the Parts 
of the Integer, the Fraction contains: And that 
below the Line is call'd the Denomi nator; becauſe 
it Denominates or Expreſſes the Nature of the 
Parts the Integer is ſuppoſed to be divided into. 
Thus, | 


83 3 
| WWW 


a Fraction, expreſſing, that ſome Integer dikes 
divided into 4 Parts or Quarters, there is taken 3 
of them, or' 3 Quarters. | =. 

A Fraction is either Proper; when the Nume- 


Ne 2" 
rater is leſs than the Denominator ; as — : Or 
Improper, when the Numerator is equal to it, or 


1 2 
greater: As — or — are Improper Fractions ; be- 
n SY 


cauſe 


, eee 


Extraction of ff ſquare 


* eicbe — 


Extract 1 » 


9 433 See. Alas 


Hang 


"7 1725 281 12 


| Ef: o * 4 


(4 
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cauſe one Expreſſes the whole Integer, and the 
other more than the Integer; however tis often 
of good uſe to expreſs Quantities after this way. 
he Operations about Algebraick Fractions, or 
Fractions expreſs d by Letters, are much of the 
fame Nature with thoſe in Common Arithmetick. 


I. All Fractions ought firſt ro be reduced to their 
loweſt Terms; which is done by dividing both 
Numerator and Denominator, by their greateſt 
Common Diviſor; that is, the greateſt Quantity 
which can divide both. For then the Quotient 
will be a Fraction of the ſame value as the former, 
but in the ſmalleſt Terms that can be. Thus, 
344 | 
by dividing borhParrs by 3 4, will be brought 
6 4 4 I 4 | 

down to — or — a and -—- being divided by its 
| 2 2 6 a* 
greateſt Common Diviſor 2 4*, will be reduced 

244 
to. 


3 
480 364% 9% 


40 46x4+T6d; "\b+4ad 


And this may moſt times be done by Inſpection, 
by caſting our of both Numerator and Denominator, 


ſuch Letters as are Multiplied into both of them, | 
as. in theſe Examples. | 


Bur 
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But ſuch greateſt Common Diviſor may be 
found in all Caſes, where the Eye cannot readily 
diſcover it, by dividing the Denominator by the 
Numerator, and the laſt Diviſor by the Remain- 
der, if auy be; and ſo on, until there come to 
remain nothing: And then that laſt Diviſor is the 
greateſt Common Meaſure. Bur if Unity, or 1 
remain at laſt, then the Fraction was in its low- 
eſt Terms ar firſt, and cannot be reduced to any 
ſmaller Terms. This Practice is the ſame as in 
Vulgar Fractions ; and you have an Example of 
it in Species in Ward's Algebra, Chap. 4. 


II. To reduce any Integer, as & or ate ro 
the Form of an Improper Fraction, draw the Line 
of * and under it write 1. then it will 
4 a — E | | 
ſtand — or , which tho' in the Form of 

I I | 
Fractions, are not altered, becauſe 1 neither Mul- 
tiplies nor Divides. | 

If a Denominator, as d were given: Firſt, Mul- 
riply the given Integer by ſuch Denominator, and 
chen write the Denominator under the Product. 
7] hns, h 


d b , and da ＋ de 
77 4 


II. To reduce Fractions of diſſerent Denomi- 


= 44+c 


nators, to others of the ſame Value, that ſhall have 
2 Common Denominator ; (which Operation muſt 


always ety Addition and Subtraction in Fracti- 
ont.) You muſt firſt bring the Fractions down as 
low as you can; (by Rule 1.) then Multiply a- croſs 

1 the 
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the Numerator of the firſt into the Denoininator i 


of the ſecond for a new Numerator for the firſt 
Fraction, then the Numerator of the ſecond into 
the Denominator of the firſt, for a new Numera- 
tor for the ſecond Fraction; and laſtly, Multiply 
the Denominators one into another, for a Common 
Denominator. Thus, let a+ 6b h h be gi- 


and —— 

1 f 
n Fa ＋ 
ven: and they will by this Rule be reduced to, 


df 
dhh 
and 77 : Fractions in Value equal to the former. 


d 
The Reaſon of which is plain; for each Fracti- 


on is Multiplied and Divided by the ſame Quanti- 


ty or Letter, and therefore muſt retain the ſame Va- 
lue as before, the reduced ro another Form: 


4 3 
— — manner 
6 4 
0 
t 18 
24 24 


For every Frattion being Multiplied by Multi- | 


plying irs Numerator, but Divided by Dividing 
it; and being alſo Multiplied by Dividing the 
Denominator, and Divided by Multiplying ir. 


It follows, That each Fraction will gain as 


much by the Multiplication of irs Numerator, as 
it loſes by the Multiplication of its Denominaror : 
And Vice vcrſa, in cafe of Diviſion by ane and 
the ſame Quantity. E If 


. L | 4 4 . * = 


| 
| 
| 
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If there are more than two Fractions, every 
Numeratot muſt be Multiplied continually into all 
the Denominators, but its own ; and the Denomi- 
nators one into anothet * for a new De- 

4 3 | 
nominaror. E. gr. oy, Maron * will be reduced 
x » 
439% It cys _ 
to this Form —, „ ——, Which are Fra- 
* I JAX RI x | 
Qtions'df the ſame Value as the former (as is appa- 
tent by ejecting the Common Lerrers) but redu- 
ced to a Denominator. 


IV. And when this is once underſtood, Addini- 


en and Subtraction in Fractions are performed by 


only Adding or Subtracting the Numerztors, and 
Subſcribing rhe Common Denominator before 


42 ＋ 5 hh 
If the Fractions —— — were to be Added 


3 
or Subtracted; they will ſtand, when reduced, 
5 fa+ fb+Ffbhb 
(by Rule 3.) in this form, b 


77 
Fa TFI—- TE : 
Of —— Ts : The former of which, is 
the Sum, the latter the Difference of the two given 


Fratt ion: 


3 Multiplication in Frattiont, is perform'd by 
Multiplying the Numerators into one other, for a 
new Numergtos, and the Denomina DAS 
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Denominatar, the Fractions having been firſt re- 
duced to their loweſt Terms. Thus, 


4 3 da , 46 


e - . #0 05736 cd 


Hence, If any Fraction be Multiplied by the 
Denominator, or by ſome Integer, the ſame with 


4 4 


it, che Numerator is the product. 7 
44 


«a 9 


x b 44, . e which, caſt- 


ing off the Common Letters in both Parts, leaves 


"Al it guy Fraction be to he Multip n 
Letter or 2 that are found in ev 


of the Denominator; the Maltiplicarion may de 


made only by n ſuch Letters out of the De- 


ab 
nominator: Ag — 3 d = to. 


c 


VI Divif on in Freitigu, iS perform d ( (after 
Reduction according to Rule 3.) by Multiplying 
the Numerator of the Dividend, by the Denomi- 
nator of the Diviſor, for a Numergtor ; and the 
Denominator of the Dividend by rhe Numerator 
of the Diviſor, for a new Denominator. As in 
Vulgar Fraftions, Thus, | 


9 l 


1 
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The Reaſon of which is plain, from what was 
ſaid above, That a Fraction is divided by Multi 
plying its Denominator. Thus, 


4 16 N48 


For to Divide 22 by 4, is to ſeek how oſten 3 the 
Numerator of the Divifor, i is in ; which isdone 
by Multiplying 16 by 3, and the Anſwer is 27 
Bur then again, becauſe + is bur +: of 3, ir Gil 
be cont in 225 times ; oftner chan 3 is; and 
therefore in order to bring it to a Par, Divide the 
Value of that Fraction — Multiplying irs Deno- 
minator by 12, and the Produ 48 will be the 
Numerator of the Quotient. 

Bur if ir happen that the Fractions have a Com- 
mon Denominator, then caſt off that, and 22 

one Numerator by the other. Thus. 


9 


For Fractions having a Common Denominator 
| are as their Numerators. | 


VII. A Mixr Quantity or Number, is that 
which - part Integer, and pare Fraction, As 


e Such Quantities are reduced to the 
form of 3 improper Fractions, by firſt Multiply! ing 


the Integral Part by rhe Denominator of the 
Qtianal Part, then adding the Numerator to * 
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. Thus 
the former Quantity a a +> — is Reduced to this 
+ x a 

444 ö 
improper Fraction . 


og 

Every Improper FraQtion is Reduced back again 
into its equivalent Mixt Number, or Integer, by 
We 


4 a+ 
Thus, —— Divided by e; quotes a 4p — ; 
. c c by 
$8: | ; 
r, 


O F 


EQUATIONS. 


N Equation in Algebra, is the mutual com- 
A 2 of two equal Things of different 
by ames or Denominations: As, ſuppaſe 3 
Pounds equal to 60 Shillings = 720 Pence, which 


is — * to 2880 Farthings, &c. it may be writ- 
ren 


us, 3 J. = 60s, = 720d, = 2880 f. 

The Terms of an Equation, are the ſeveral Quan- 
tities or Parts of which every Equation is compo- 
ſed, connected together by the Signs + and —. 


5 As in this Equation . b + Cc, e Terms are 


4, b ard c; where tis ſuppoſed that ſome Quantity 
repreſented by 4, is equal to the Sum of b and c; 
or to b and c added together. | 
Whenever a Queſtion or Problem is propoſed in 
Algebra, we always ſuppoſe the thing ſought or 
required, to be known or done. | 
And then by putting the Letter a, or ſome other 
Vowel (many uſe the laſt Letters of the Alphabet, 
x, y, 7) for the unknown Quantity, or for the thing 
fought ; and Conſonants for whatever is known or 
iven, in order to diſtinguiſh one from the other: 
The Queſtion or. Problem is firſt chroughly confi- 
der d, and then duly ſtated, and after this nr 
7 . | _ ouſly 
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ouſly compared, transformed and varied by Addi- 
tion, Subtraction, Multiplicarion, Diviſion, Ex- 

traction of Roots, &c, according as the Nature 
of the Thing, and the Rules of Art direct; till 
at laſt the Quantity ſoughe, or at leaſt ſome Power 
of it, becomes equal to fome known or given 
Quantity, and fo is it ſelf of conſequence diſco- 
vered. 

Aſter a Queſtion is duly Stated, tis proper to 
conſider whether it be ſubject to any Limitations, 
or not. To which End the Writers of Algebra 
give theſe General Rules. 


I. If the Quantities ſought or required, are 
more than the Number of the given Equations, 
the Queſtion is capable of Innumerable Anſwers, 
See Kerſey's Algebra, P. 301. Vol. 1. 


IT. But if the given Equations, independant 
one upon another, are juſt as many, as the Quan- 
tities ſought : Then the Queſtion hath only one 
certain and determinate Number of Anſwers. 

If the Quantities ſought or required, are leſs in 
Number than the given Equarions, the Queſtion 
is yet more Limited; and ſometimes it is diſcovera- 
ble, that tis not to be reſolved, by reaſon of 
— Equations, being inconſiſtent with each o- 

er. 

Equations, in order to be Reſolved, muſt firſt 


be Prepared and Reduced ; which is uſually done 


by the following Rules, or ſuch like. 


I. If the Quantity fought, or any Part or De- 
gyee of it be in Eractions, ler all be reduced ro one 
-ommon Denomination ; and then omitting rhe 
Denominators, let the Equation be continued 5 
| e 
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the Numerators only ; or in Practice, Multiply the 
whole by the Denominator of the Fractional 
part. 


„ 
J. gr. ＋2 d= lo == B. 
5 jj 


And then, a+ b +cd =cB. 
1 4 £ cc 

Multiply all by d, and it will ſtand thus. 
ad —db Sg 4A TCT ＋ 4. 
oY WER 

Or if, a—75 = —bb+c—g. 

4 
Multiply all by 4, and 
44 — 300 = 3bb+4c—a4gp. 


And this is call d by Viera, Iſomerie, and by o- 
thers Converſion. | 


II. When there is an Intermixture of Quanti- 
ties, known and unknown in any Equarion : Ler 


all the unknown Quantities (by Taye) oc 
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made to poſſeſs only one Side of the Equation, 
and all the known ones another. Tranſpoſition is 
always done by putting the Quantity over ro the 
other Side with a contrary Sign to what it had be- 
fore. The Demonſtrarion of which Rule depends 
on that Axiom, That if to or from Equals, you 
add or ſubtract Equals, the Sums of Remainders 
will be equal. 


Thus fuppok 434 = G60. 
"Then, 4= 94 +66 = 94. 
ori a+b—d= bee 


Then, a—pe=c+d, 
I, Pas ES A 18 40 — 4. 
Then, 4 300+ 3 274 C— 4g. 
| 1. 36 + 44 = 4— 60. 
Then, 4 = 140. 

N01. If the higheſt Power or Species of the uti- 
known Quantity, be Mulriptied- mw-ary kabwn 
Quantity or Quantities, ler the whole be Divided 
by fuck known Quantity of Quamiries, * 


Thus if 544 = 30000, 4 4 = 6000; 


If, b a+ 44 = 100, 
100 
Then, 222832 1 4 
3 
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If, dee ＋ dde z. 


_ ee de = == 


Foy this Operation i is called by Vis, Parabo- 
liſmus, by others Depreſſion. 


IV. Ii all the known Quantities een u to be 
Multiplied into any degree of the Unknown one; 


let all be brought down (by Diviſion) to the low- 
eſt degree thereof that can be. 


As if, 4 4 44 E 44A 2244. 
Then by Diviſion of all, by « «. 
| aadba=xzxz 
If aa+4a b—ac=ad—f a. 
Then will a + U —c = d—f. By Diviſion, 
And, a = d - b+c —f, by Tranſpoſition. 
Ife 9 27 Anne neee 


Then will e+-9 — 7 15+ 34— 10. by Di 
viſion ; and e ＋ 2 = 39. 


And farther by Tranſpoſition, 
| 6-37 


And this is that Rule which Vieta calls p- 
babe. h V.L 


* 
Fu wy = * — — 
e — §—t—— ci 3a 


— - — — — — — —— — — — 


5 — — — — — — 
— z — wÄ— I r — . . CP —— - 
. pe <5 ut — — © _ — wy —— - = — — - —— — hy 


Jp . . —— — —Pö q — — — — - 
— R Ce eee ee u ²..wͤ EE CCC CY 1 eee IS >: — 
— — PF ˖7§«ðꝛÄ.. ⁵p . . RS 2 r ———— - ———_— 
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V. If any one Member of the Equation be a 


Surd Root, all muſt be raiſed up to that Power, 
and then 0 Equation continued. 


IfVba+b=e 
Then by Tren/Jofieion, 
/ab=e—b. 
And by this Rule, 
com2be$bb=ak. 
And by Rule the third, 
cc - 2b ＋ 

0 > 


4 — 


NOTE. 


To Raiſe up any Quantity to the Power of another, 
_ to Multiply it into it ſelf, or to Involve it ac- 
cording as the Index of that Power dire&ts. Thus 
beca uſe „/: a b ſignifies the S * Root of a b, 
2 a b, without the Radical Sign will be a 
Square ; - and conſe 17 4 to continue the Equa- 
iy, * muſt be Squar d too. 


RULE VI. 


Since whenever 4 Quantities are dz/cretely, or 3 
continually Proportional, the Rectangle or Product 
of the two mean Terms (er the Squate of the 

middle 


36 Of EQVAFIONS. 
middle one, when there are bur 3) is equal tothe 
Rectangle or Product af the Extxeems (by the 
rath of the Gch of Hxcitds Elements;) Therefote 

tis very eaſie, and oſten very uſeſul to reſalye 
Equations into Analogies or Proporticnals, and vice 
ver; which when well underſtood, opens the 
way for the Geometrical Conſtruction, and conſe- 
quently for one very good way of Reſolution of 
Equations. 4h 

Wherefore, Suppoſing the Reader tollerably 
verſed in Common Geometry, as he ought to be, 
before he begin Algabra; and that he knows how 
to find a Third, a Mean, or a Fourth Proportional, 
Geometrically, I ſhall next ſhe the Conſtruction 
of all kinds of Simple Equations, before I proceed 
to reſolve any Queſtions r Problems. | 
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CONSTRUCTION 
OF 


EQUATIONS, 


| Algebra, 4 the Contriving ſuch Lines and 


Figures as ſhall Demonſtrate the Equation, Cu- 


non, or Theorem, to be true Geometrically. 

The Method of effeting which, will be fuffi- 
ciently plain from the following Examples, - and 
thence eaſier learn d than by long Directions in 
Words, 


— Single Fqutms 


i D 5 450 55 | 
A v then c. b r: 4. . 12. d. 6 Eucl. 
_ x C: A We © | [ ; 
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ana 


Or if, _ x. Then, b: a:: a: x. 
0 : By 8 e. 6, Euclid, 


 4b+4a 
Or if, : 


—=x Then, h+1:b+g::a:x 

i © OR | | 
abtag 

=x. Then þ—1 :b+g ::a: x 


Or if it were, 


Ma 


ab mn 


II. If = x. The Conſtruction and 
142 $ 


Solution will be more difficult; becauſe no Letter 
in the Numerator is taken twice: Bur that it may 
be ſo, and that («) for Inſtance, may be twice u- 
ſed ; make as 4:n::m:; a fourth Proportional, 
which ler be p. Then, »m = a p, and conſe- 


ab+ 
quently —= Wherefore as by Rule 1. 
| 4 | 


7 pi: ＋5:: g: X&ũ 


if 
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ab+mn 
If this Equation were propoſed —— = a, 
r 


— S l 
. } 
: 


P 
2 . 
| 2Y 
1 B 


4 * 
You may find firſt a middle Proportional between 
/ & and &, which G_— to be p. Alſo another 

3 tween m and », which let 


en will the Equation ſtand thus, 
ve 


15. 

Let therefore a Right- angled Triangle be made, 
wherein the Perpendicular AP =p, and the 
Baſe A B g. Therefore ſhall PB q=pp+ 7. 
which, ſince according to the Equation it is to 
= _ | by r—s: Make, asr — . ro BP 


{oP Bro a third Proportio- 
72 N r aal be- Cog 


_— * 


E 


go Conſtruction of Simple Equations. 


ab —mn 


III. In this Equation = 3, 


e+ 4 

Firſt make, asa:m::n: , (4 Proportional) 
ab — 

which let be p. Then will = . And 


ed 
conſequently, (as in Caſe 1.) c+d:b—p:: a: 
Or you might, as in (Caſe 2.) have "rd a 
mean Proportional between « and b, as alſo be- 


tween m and n, which being called (is there) 
and 3. The Equation e have ſtood thus, 


* Lis Wide e eden 1 B == p, 

e + | Soft” dab. 
and on it as a Diamerer drawn'a Semicirele; and 
applying in B C . The Of AC 41 
And conſequently A C p- 17; which 
ſince ir is to be divided by c +=, make as c d: 
AC: AC, the Quantity ſought. 


IV. Ler 


Conſtruction of Simple E * 41 


44 be 


IV. Ler this Equarion "— . be pol, 


8 
Firſt, Find oht ( 70 a 3d Proportional to f and 
Then 57 being = 4 4. rp Equation will 
2. ö 


this, — K, (. e) . 2 
ffs . e | 
Secondly, Find a fourth rrional () to ,, p; 
and b, ſaying, as F: p:: 6: 4. Then will f 
pb and c En che Equation will Fan thus, 
st And therefore, (a8 
by Nom, 19 95: ©: N fought. 


bhk | 2 
V. If his Bitition = propoſed. 


Firſt, Find a forth Peopottichal do m, h ant k; 

which let be 5, therefore p m b k, and coriſe- 
m 

quently the Equation will ſtand thus, 25% 


k mm. 
Y 8 Therefore n 124 x ſought. 


7 7 
5 * 
_ 
b Co] 
> - 


#5" 6 


0 . 4 Simple AY 
Equations, Pegs 


111 * 


N. B, Si mple W are ach a have n 
one - fide of the Equation only ſome Power of the 
Quantity ſcughe, without any otber F 6 
_ Letter mixt with it. 


LIF an Equation bei in any of theſe following Fr 


the like Forms, 


Jy5=ab ul that ii Cel 
8 * N to à mean 18 

„ lcore =4/c rti- <1 & c 
E be 


y5=idd JE( 1=4/ 44d wa (1484 
essence. 


= 13 EY 8 2 = Thug 0 127 
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2. Bht if the Sign be —, make the Rectangled 
Trane Gr whoſe Hypothenble A B ler be=a 


te the mean Proportional between f and g, and 
the Side BC = to a mean Proportional deere 
k and m, and the thing plain, | 


III. If ſuch an Equation as this be propoſed, viz, 
fhhdd hhdad 
— r X. Then will it be —.— , 


Fee . 
and andby Extracting the Square Root 1 where; 
uſe all the 972 are Simple and perfect 


sel wllde — Y. Therefore c: b: : d: 4 
As in Cafe 1. oſ Simple Equations, 


IV. If this Equation be propos, — 


Find firſt @ fourth Proportional B. Fand g. 
wich lr be 7; Then d p = F g, and conle- 
phk 


=xx. (i. e.) — 


quently — 
m 


Agrin, find a fourth Packs to m, p and þ, 
which hs Ls dd and —_— 
qm 


| 
| 
| 
| 
| 
| 


| 
| 
| 
| 


44 C onftratio of darin Quadrabiche 


— a x, (is) 71 Which brings 


1 to Caſe I. of 5 imple -— ih which ſee, 


V. If this Equation were propoſed ; | 
qbec+beed+gq bedbbegd 


= X X. 


fg + km 
Firſt, Reduce the Rectangles f g and & tothe 
Squares q b and 9 4 by finditig 5 4nd q mean Pro- 
poftionals between f and Sand k and 1 ,and make 
the Square n n = bb + 


q- 
„ bed+bedd | 
Then will Ln 2 


Alfo, becauſe c c apd c '4 are Mulriplied into, 
q b + b d find a Squate to the two Rectan- 


ges gb+bd, and let it be 27 Therefore 


K r td 


— * Fo 
F 
hacks Beans <2 be both into c c and 
cd, find another Square equal to cc c d, which 
let be 17. Then wit £2 ff =x & (7 e.) 
u n 


Zu x, Therefore u : 4 * ſought 


n 


uęſtions producing Simple Equations. | 
Ueſtion I. 200), x to be divided between two 


Men, that one s to have 73 l. more than the 
other : What ts the Share of each? 


For the whole Money pur s — 200 f. 


For the Difference between their Shareg, pur 
FB 2 73 
And let the Shares ſought be 4 and e? 


| a [een _ n the Queſtion. 
3 24 τπ +0. | 


N. B. T an Excellent way to keep a Regiſter in 
the Margin of all the Steps in the Reſolution of. 
any Equation (according to Dr. Pell's Me- 
thod ;) for by that means it will readily aj pear 
hew every Step 1 produced: As here the Fi- 
gures 1 + 2 right agai 5 the third Step ſbew 
you that it 1 produced by adding the # ſt and 

Jecond Steps together, whi ich j done to deſtroy e, 
that a may ſtand alone. 


|, 


And thus is the Value of 4 preſently known, 
. (viz.==136 J. 10 % and this Theorem alſo gain d, 


That half the Sum agded te half the Difference of a. 
ny 


rome en 


{54 a | gb 2 the laſt Step 


| 
| 
| 
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ny two Quantities, ij always equal to the greater of 
then: Which! iS the Senſe, in Words at ag, of 


5 +: 
— (or ! 14. 0 = <& 


And as this way you found the Value of 4 by 
Addition of the firſt and ſecond Steps; ſo you 
may find e by Subtraction of the ad Step from 
the firſt* * 


" TI 


— 2 1 5 — 3 — $: Wherefore, 


3— 


6 


2 


422 


That is in Words, Hel f the Sum of any tmo 8 
tities leſs half their Difference i xs always e al to the 
lefſer of them: Which is a Canon or Theorem 
chat will find e to be 63 J. 10 5. 

So that having the Sum and Difference of any 
two Quantities or Numbers, tis, you fee, very 
calie to W the Numbers chemſelves. | 


Queſtion II. 20 l. fo diſtributed between two 
"Men, that if the Share of one be divided by that of 
| the other, the Quotient will be 3. How much had 
each? 


For the Shares, put « and e; 
me Then.s e = 5 = 200, 
a 
— 12 
e 


75 pert 2uaſteory, 2: 
124 e rao cr Head, f 
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bes = 0. ae 
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| I ui — 4 | 
M If you Multi 


[ 125 "phy ben by e. 41 
1 24 3 —=%, by Which means'e vani- 


7 
ſhes, being expreſſed another way. 


14 4 . — byconlaering the fr 


and Keck Steps; (which is al- 
1 F. F Fa ways im d by the Comma's 
>| k in the "= 

5s q—qa=a; Multiplying both 


by 4- 
Tranſp. 6 === ＋ 74, by Transferring 
5 
3 
6 177 , —- 2, by Dividingeach part 


* 1 the Coefficient 1 t +9; that 
| is, 2 =150 /. 
* 


* wad $| e = 50 l. becauſe was 3 times as 
„igen +7; ah 28 e by the tien. 


70 6 of che 2 Shares, che Difſe- 
rence d = Too had been given, as alſo the W. 
4 eu 
dient ===; and and e required? 4 
E 
i | | 


N 


p 
| 
| 
| 
| 


| 
| 
| 
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Then, 
Þ e ſecond 8 
| TY e ſecond Step of the 
a=eq4 * Queſtica. | 


n 1, 2, d Se g. 
4 4 3 


| 
4 44 
| il [= 36= 130. =d+e. 


mica th Ts . them 561, 
and the greater hun # v6 tb leſſer « 5 to 2, of 
A What had eachꝰ | 


end e the Se d = $04 
14 4e. 

2 r: £228: ==. 

. 


This Step ariſes only by aying necoriling to the 
Golden - Mets if * : What ſhall 4 give? 


The fourch Term is — =>, Wien finds a new 


*. nls 7 ere 227. 
Notation for e. SET 
SUES  w7S EY = #& - — 5 


— 


— 


OSS is oeNMD 


LE.= IS 

E = EA A 
&+-u A 
yy =14 


E 
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kl ra 

I, 2, 3 n 

38714 ELSE 
| 7 | 230 

4 [5 4 = — = 401. 

1 4/1 7 
| And conſequently, 

| WS 

: WW 161. 


If inſtead of the Sum, the Diſſerence d 4 
had n given. Then, 


2 2 — =P= = y working for eas 


in Step 2 of the laſt. 
42 2 
1d 120 


4 . . as before. 
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Queftion IV. One having a certain Number of Egg, 
left (without breaking any) half that Number and 
half an Egg at one Place : Half the Remainder 
and half an Egg at a ſccond place: Half the Re- 
mainder and half an Egg at a third Place: And 
then be had one Egg left: How many had he 4 


fiſt? 


For the Number of Eggs 4? 
And for one Egg pur 1 doug 
1 3 what he left at the 
3 2 2 8 firſt Place. And, 
wr 2 „ OT the firſt 
| 2 2 2 Remaindei. 


And if to avoid the trouble of Vul ar,you would 
expreſs ir by Decimal Fractions : Then the fir 


| a 5 | 
Eggs left will be —+: 5 and the firſt Remainder 
A | 


2 | k 


— — 5, 
4 EPR. | 4 

8 

4 4 4 . 

== to what he left at the ſe- 

wa r 


A | a 
| 3 vg — wits my $ 25:5 
will be the ſecond Remainder. 
, 
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b h b a 
—_ <4, or: 
8 $5 26 2 8 
125 — :25 : 5 =, to What 
he left at the third Place. 


„„ 0-S b b 4 


91 


bk A 1.1 
125: —: 9 $:5Es the third 
Remainder ; which by the Que- 
ſtion is — ro 6 or 1. There- 


— 125 —: 251 —: 3 21. 
| Wherefore, 
b " OI 


4 
8 6:74 2 8 
= 1:125 2:25 +25, er 
ro 1: 875. 


Mw 


"RO | 
15 :000, Wherefore a = 15, 


So that the Import of the Queſtion is only ro 
find a Number, —— which taking half and half 
and from the Remainder its half and 
half an Unit: The laſt Remainderr ſhall be to 1, 
Tis plain alſo, That if a fourth time he had left 
half the Remainder and half an Egg, he wond 
have had nothing left. 


an Unite; 


Hz Queſtion 
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Queſtion V. 

Acer in Emonia fugientem ualle Lyciſca 
Inſequitur Leporem, pi ta. per arva, vagum : 

Hic decies quinn præcedit paſſibus, ille 
Inſtat, & exultans per Fuga læta ruit: 

Dumq; Quater ſaliendo Lepus conſurgit in altum 
Hic Toties Terns Saltibys evehitur. 

At tantum gemins percurrit Saltibus Agri 
Interea;Quantum conficit ille Tribus. 4 

Die mihi jam, Quoties ſaltus Iterante Lyciſca, 


Contigit Infeſto præda petita cani 2 
| 's Ought. explicat. 


A Hare being 50 Paces before a Greyhound, makes 
four Leaps to the Dog's three ; but two Leaps of 
the Dog's are as much as three of the Hare's. How 
many Leaps muſt the Greyhound tale to catch the 
Hare ? 


Ler5o=6, 
r: 
21392: . 


For the Number of the Dog's Leaps ſought, put a. 


7 4 . 
1: r: : 4: , &c, 
3 


Say, As the Number of the Dog's Leaps, to 
thoſe of the Hare in any time: So will all the 
Dog's way be to all the Hare's, after he began to 
Courſe her. ; 


YA 


2 


143 


Ira 


| + 


| 


i 


4K 23 
Tranſp. & 


— mr 


each ? 


| 
{ 


G. an 7 


| 


This Proportion ſhews you, that as 2 is to 3, 
ſo is the whole Number of the Dog's Leaps to that 


of the Hare's. 
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ra+bs 
— + , or ——— = the whole 


4 4 
Number of the Paces the Hare 
Went. 
sb+ra 
m: ut: 4:— 
4 


s b m+ mr 4 
122 ————- becaule in four 


s 
Proportionals, the Rectangle of 
the Extreams is = to that of the 
mean Terms, . 

bu b mera. 
nun ma m. 

| s m 

| 4 ZZ — — = Z00. 


J an mn 


Queſtion VI. In three Begs there i à certain Quan- 
tity of Pounds Sterling. The Sum of the Pounds 
in the firſt and ſecond Bag u 20 l. The Sum of 
the Pounds in the ſecond and third Bag u 48 l. 
And the Sum of the Pounds in the firſt and third 
Bags M 44 l. M4? Number of Pounds was in 


Ins e andy be pur for the Quantities fought : 
Andao=b: 48 = c and 44 d. | 


Then 


=. Simple Equations. 
Then by the Queſtion, 


4 ＋ e111 
2 7 | 
y $a=d13 


4|e=b=— a, by Tranlpokcion of a, 
ae Ca e H- Ae, 
| 5 85 48 and eo y = c. 


6] y=a—b+ 4 on Tranſpoſition 
<1 


b = 2. 


7 a—b+cta= 44 \ - nave ws 


| Therefore, 


Tranſp. | 8} 2 4=d+6b e. 

d b—Cc Which is a 
„. ein Luan 
| 2 find 4. 
4, | 10 | Then ſince b—a=e:e=12, 
6, | 11 j And y = 36 


This is called a Queſtion by varions Pofirion, of 
which you have many in Kerſey, and other Wri- 
ters. 


PROBLEM I. 


To dete mine the Point where a Line perpendicularly 
let fall from the Vertex or 2 of an Acute - angled 
Triangle, d b c ſhall cut the Baſe b. 


Suppoſe ir done, and the Figure drawn, call 
one Segment of the Baſe a ; then will the other be 


b — a, and let the Perpendicular be called p. 
47.6) 


hoy ako — ou une , 


4 Ge = E= to 
2 1 4 


4% 0 Soak x Hug 9 4 ded 


bi. ww. 8 


772 hhe 4 ä 


3 


— 


kk+mm-(l 


Af. 


* 9 


3 


— 
— 


POE 


413 
8 I 


3+ 1m[] And Herefore 


| 


| 


| 
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4 C 
P 
a * 1 
47. cl. il f Ad- 4 4, and pp =ce 
— 544 L225 2—4 4. 
Tranſ. aa | 2 | Wherefore dd = c 21264. 
Tranſp. | 3 | And conſeq. d d+b b==cc= 2 ba. 
| | dd+ bb —cc i 
$ *. And therefore * — 4. 
| 2 


Wherefore the length of à is found Arithmeti- 
cally, or by Calculation ; for if you add the 
Square of the Baſe b, and of the Side 4 (Meaſu- 
red on any Scale) rogerher, from rhe Sum Sub- 
tract the Square of the Side c: And then divide 
the Remainder by the double of the Baſe h, the 
Quotient will give you the length of a, and con- 
ſequently determine the Point where p will cut 
the Baſe b. 

And you may conſtruct the Equation in the 
fourth Step Geometrically. Thus, 

On d, the longeſt Leg of the given Triangle 
make a Semicircle ; and in it apply c, the other 
Leg, drawing alſo the Line f. 


Thea 


Simple Equations. 


Then will ff = 44 — ec, produce e till the 
Part without the Semicircle be equal to b, the 
Baſe of the given Triangle : And draw the 


ine g. 

Then wil g=Fff+bb =dd-cc+bl, 
and fince in the fourth Step, this laſt Quantity is 
to be divided by 3 b, make, as 2b: g, (which is 
=tov/:dd—ce+bb)::g to a fourth Pro- 
portional, which will be a. And conſequently « 

will be found Geometrically. 


' PROBLEM 
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PROBLEM I. 


To find the Point without an Obtuſe-angled Tri angle 
d e b, where the Baſe b being produced, ſhall 


meer with & true Perpendicular p let fall ** the 


Vertex of the Tri angle. 


e it done, and all chings ies you ſee 
ee Therefore, 


5. 
2 [cc dd 264 — 5b. And, 


OP 08 b dd— bb, And, 
cc 264 = dg—= n 
By Tranſp,4 | 3 2ba=dd—bb—cc, 
* Wherefore, 


e 
32 2b. Jt * — = 


And conſequently « is found by Calculation. 


The Geometrical Conſtruftion. 

On d the longeſt Leg of the T e given, 
deſcribe a anc. wig in ir E other 
Leg: Drawing alſo the Line f, ſo will ff = dd 
— ee: "Then a alſo another _ 
C EC, 


2 pp=cc—aa, and PANTY 


* — — — — ä —Ü 4—)— 
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circle, and therein apply b the Baſe of the Trian. 
gle given: Drawing likewiſe the Line g. Then 


* 


ET, 


will gz =ff— bb, Thatis, = dd —cc— 
bb: And cy g=?V/:dd—cc—bb. 
And ſince the fifth Step of the Equation is divided 
by 2 6; make, as 2 0 tog :: ſo g to a fourth 
Term; which will be a, the Side ſought, 


—e— 


Quadraticł Equations. 


Uadratich ABS, are ſuch as retain onthe 
unknown Side, the Square of rhe Root or 
Number ſought ; and are of two ſorts. 


I. Simple Quadraticks, where the Square of the 
unknown Root is equal to the abſolute Number 
given, as 44 = 36, ee = 146, yy = 133225. 
And for the Solution of theſe, there needs only to 
Extract the Square Root out of the known Num- 
ber, and that is the Value of the Root or Quanti- 
ty ſought: Thus the Value of a in the firſt Equa- 
tion is equal to 6, in the Second $ = 12 * 

| ittle 
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little more, it being a Surd Root. And in the 
Third Example) — 365. 


II. Adſected Quadraticks, are ſuch as have be- 
tween the higheſt Power of the unknown Num- 
ber, and the abſolute Number given, ſome inter- 
mediate Power of the unknown Number, as 
14 ＋ 234 = 100, 

And this Equation is properly called Adfected, 
becauſe the unknown Root a is Multiplied into 
the Coefficient 2 b. | 

The Original of Adfefed Equations, the Incom- 
parable Harriet thus derives : Let à be = +6, 
or 4 = - c, then by Tranſpoſition will a — 6 
So, and a Le = o. And then Multiplying one 
by another, the Product is a4 — ab +64 be 


= Os 
And this he properly calls an Original Equation. 
From which, or others of the ſame kind, Tran- 
poſing b c over to the other fide with a contrar 
ign, he gains ſuch an Equarion as this, 4 4 — 4 
Tear bc, which he calls a Canonical Equation, 
And from hence, by putting Examples jn all 
Caſes he ſhews, That every poſſible Quadratick 
Equation, hath two Real Roots, according to the 
Dimenſions of the higheſt Power ; as being made 
up by the Multiplication of two Simple Equati- 
ons. And that theſe two Roots may be either 
both Affirmarive,or both Negative, and that ſome- 
imes they are equal to each other, and ſome- 
times not, f hence he finds, I hat the 
Abſolute Number b c, is always the Rectangle of 
the two Roots þ and c, (or of the two Values of 4: 
And that if it have a Poſitiye Sign, the two Roots 
have like Signs, but if a Negatiye one, unlike. 
I 2 And, 
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And, That the Coefficient of the middle Term 
is always the Aggregate of both the Roots with con- 
tram Signs; and conſequently their Difference, 
' when without its Sign. See more in his Second 
Sed ion, and in Walls's Algebra, p. 132, &c. 

And when in ſuch kind of Quadraticks as theſe, 
the Index or Exponents of the Dimenſions of the 
unknown Root are in Arithmetical Proportion; 
that is, as in this Equation, aa +2 ba = 10, 
the Index of 4 4 is 2, the Index of 2 b a is 1, and 
the Index of 100 is o; then may the Root be ea- 
fily found by the following Method. 

All Equations of this Rank will be in one of 
theſe three Forms. 


aact-ad = R.) * Some make four Frrms, but 
ana —ad=R. at at long run it comes to 


as —ana=R., ) the ſame thing. 


In all which Forms, R, the abſolute Number 
given, is a Rectangle or Product made our of the 
two Quantities or Roots ſought, a Greater and a 


Leſſer. 


Of which, in the Firſt Form, where all is Affir- 
mative, the Coefficient d is the Difference be- 
rween thoſe two Quantities or Roots, and à is the 
Leſſer of them; as is plain, if you ſuppoſe the 
two Roots (as Oughtred dorh) to be à the Grea- 
ter, and e the Leſſer, For then ler 4 x be the 
Difference between them; ſo that e+ x = a, if 
then you Multiply each Parr by e, it will be e e+ 
ex = ae; from whence it appears allo plainly, 
that a e is equal to R, the abſolute Number giver, 
or equal to the Rectangle of the two 5 

: 00trs 


Roots 4 and e, of which in this Form, the Coeffi- 
cient x or d is equal to the Difference between 
them, and e is the Leſſer of them. 


In the Second Form, The Coefficient d is the 
Difference of the two Roots as before, but a there 
repreſents the Greater of them, as is plain, by 
putting (becauſe the Sign is Negative)a—x= e, 
and Multiplying each Part by a, it produces a a— 
4x = ae, the ſecond Form, where x or d the 
Coefficient is the Difference of rhe rwo unknown 
Roots; and à repreſents the Greater of them. 


In the Third Form, where the higheſt Power is 
Negative, the Coefficient s is the Sum of the two 
Quantities or Roots ſought ; and a the Affirmative 
Root ſought may be either the Bigger or the 
Leſſer of them. For ler (becauſe rhe higheſt 
Power is Negative) 3 — 4 e: Then Multiply- 
ing both by 4, it will be za—aa=aec=R; 
or if JZ — e had been put equal to 4, then it 
e have been ze — ee = 4e, by Multiplying 
all by e. 


{ So that this Method ſhews the Original Conſti- 
tution of theſe Forms, and the Nature and Office 
of each Member of rhem. 

From all which may be found this General Ca- 
non for the Solution of Quadrartick Equations, ac- 
cording to this Method. 

Multiplying the abſolute Number by 4, and to 
the Product add the Square of the Coefficient, 
then Extract the Cs Noor of that Sum; which 
Root ſhall be the Sum of the two Numbers 
lought, Then to or from the half of that Root, 
Add 
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„ 
c — 2 
= 


— 
—_—  --- 2 
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Add and Subtract half the Coefficient, and the 
Sum and Remainder are the two Roots requi- 
red. | 


For the particular Solution of Adfected Quadra. 
ticks, there are three Ways. 


I. That of Oughtred, who proceeds in this 
Method. 


In all the three Forms, there is given either the 
Reaang!e and Sum, or the Rectangle and Difference 
of the rwo unknown. Quantities ; whence 'tis ve- 
ry eaſie to find either the D:/7erence in the former, 
or the Sum in the latter Caſe ; and then having 
the Sum and Difference of any two unknown 
Quantities, the Quantities chemſelves will ſoon be 
known, | 


Thus in the firſt Form. Letaa+da=R. 


Here is given R, the Rectangle of the Roots, 4 
their Difference; and tis krown that 4a repreſents 
the Leſſer of them, Let S ſtand for the Sum to 
be ſought, 


Leta+e=s, anda —e=d. 
Then a a+ 24e+ee=15s,, anda « — 


24achee=dd. 


Subduct the latter from the former. 
| aa L224 e Tee 
aa — z ze Tee 


n 
1 
F ˙·ꝛm 


AI =iR 
Wherefore S S- 4d = 4 R. And 9 
| ou 
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You may by Simple Algebra, find thar 

4R 5 SS 2 d d, and conſequently that 4 R + 

44 2 88, and therefore S is known ; and then 

having S and d, à the leſſer Root will be known 
too, Or + I— d £5 


Again, in the ſecond Form. Let aa —ad=R, 


Here d and R (as before) the Difference and 
Rectangle of the rwo Roors are given ; and athe 
greater of them; wherefore tis eaſie to find S the 
Sum, and then 21 S ＋ : d= a. | 


In the third Form, where Sa —a a = R. 


There is given the Coefficient S = Sum of the 
unknown Roots, R the Rectangle between them; 
and 4 may be either the bigger or the leſſer of 
them: Here therefore to find d the Difference. 

Becauſe SS —dd = 4 R, therefore SS 
4R = dd, and conſequently 4 is known ; and 
5 S++ 4 greater, and ; 5 — 4 d— 
eſſer. 


II. The Solution of Adfecled Quadratick 
Equations, by the Method of compleat- 
ing the Square. 1 | 


Which is by Mr. Harrior, thus: Since in every 
one of the three Forms of Quadraticks, one Quar- 
ter of the Square of the Coefficient will make the 
unknown Side of the Equation, a compleat Square, 
whoſe rrue Roor will n a ++ d, (or whatever 


Letter elſe be the Coefficient.) *Tis plain by this 
| means, 
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means, an Adfected Quadratick Equation may be 
reduced to a Simple one. 


Wherefore, 


In the firſt Form, when all the Species are Af. 
firmative, | 


Letaa+Sda=R. 


If + d d be added to the unknown Side, it wil 
be a perfect Square 42 4 ＋ 4 « + +4 d d, whole 
true Root is a + f d. 

Add then, +44 to R, and R ++ Ad will be 
a perfect Square Number and known; whoſe 
Square Root extracted in Numbers, will be equal 
to 4 ++ d: And conſequently, will be equal to 
that Root, when d is taken from it, and ſo 
will be known. | 


The Practical Rule ij ths. 


} 

To the Abſolute Number, add g of the Square o 
the Coefficient, (or the Square of half the Coeff. 
cient) and Extract the Root of them: Then from 
that Root found in Numbers, Subtract + the Co- 
efficient, and the Remainder is «, the leſſer of the 
rwo Roots, or Values of 4. 


E X AM 


1 75 rams 


04 fL 
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e 
44 ＋4 R 

Or, 42 4-16 4== 36. 
To 36 . R. 
Add 64 =; dd. _ 
Vico = t$6= a*%-x d. 
a Bur 1 4 = 8. : 
Therefore 2 7 24. 
In the ſecond Form. Let 24 da R. 


Proceed in all reſpects as in the firſt Form, only 
ys muſt at laſt ald half the Coefficient to the 

oot extracted our of the Abſolute Number, in- 
ſtead of taking it from ir, as before; becauſe here 
4 repreſents the greater Root: And thus, If 44 — 
164= 36, # will be and = to 18. 


In the chird Form. 1 X 


Here becauſe the higheſt Power is Negative, 
tis impoſſible any ſuch Root can be found that will 
produce — 4 43; wherefore you muſt imagine all 
the Signs changed, and ir will ftand hk 1 S 4 
＋4 4 — or putting the high 0 
ſrt, Nr : , * 
In this Form, the Coefficient is the Sum of the 
two Roots, and a may be eicher of chem. "YM 0 


A 'T 
* « * 


& "ii 


% © + „ 
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And here the Abſolute Number is fo determi. 


ned, as that it cannot be greater than the Square 
of half the Coefficients : Wherefore, 


The Practical Rule # this, 


From the Square of half the Coefficient, rake 
the Abſolute Number given; and Extract the 
Square Root of the Remainder ; which Root ei- 
ther added to, or Subtracted from half the Coef. 
ficient, will give accordingly the greater or leſſer 


Value of 4. 
Thus, If 20 a — 4 4 ="=36 | 
Or, Sa —=a8=—R 
From 100 2 SS 
Take 36 R 
— 
Now 10 + 8 = 18 the greater Roor, 
And 10— $8= 2 the leſſer Root. 


III. To Solve Quadratick Adfected E- 
quations, by raking away the Second 
In any of the three Forms, if the Coefficient 
have a Negative Sign, put e+ d; but if it have 


an Affirmative Sign, pute — d, inſtead of 4, the 
Root of the higheſt unknown Power. 


Then 


Now 3 2 +t- — oo reptoreoct 
25. 
fd 342 = 2 % er Foot. 


— 
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Then will ee Te d+3dd=as. 
Allo +ed++idd=+da. 
And theſe two Quantities added together, muſt 


be equal to the Abſolute Number given; and the 
Equation will become a Simple one. 


In the firſt Form, 4 a+d a=R, W 
Lets — 4 4.=« 


Then will ee —ed+-idd= a4 


And ' ed—idd=ad 
Which addoduogatter,makeoe rot dd R 


Therefore ee=R*++4dd 
And conſequently, e = VR ＋ 2 dd 


But e—id=4, 
Therefore e a ＋2 4 


Conſequentiy 4 42 VR+; dd 
Mee a = * R244 —14 Q. E. O. 


ene 
part of the Equation be Squared, there will ariſe, 


aathad+idd=R+tdd. 


| Which is the other common Canon for Solving 
Vadratich, by adding K each Part the 8 
2 


— —o— — — — 


- me Quadratic Equations. 
| of half the Coefficient, in order to complear the 
| In the ſecond Form, 242—4 d=R. 
1 m 079059; Let e A4 . 
Then is . 44 dd = aa 
And; med—tdd==—ad | 
Theſe added make ce —2dd=R © 
| Therefore ee = R + 2 44d. : 
And VRT. 
But e+$4d = A 
Therefore e 4-2 4 


And conſequently « — f 4 = :R +25 4d 
Wherefore 4 = V:R+ $dd+ 7%, 
. E. D. 


— — 
1 : R＋L 44d; if each 
Side of the Equation be Squared, you will have, 


2a —4dA＋ Ad =R+54d. 


Which isthe common Canon for Solving Eau 
tions, by compleating the Square. 


— — ——— —k—ñů—ů—rI — —e — 


— :. 2—ð?ͤ H —— P —òU 1 ͤ —dwa —̃ . —_— — 


* — 
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In the third Farm, d a — 44 =R. 
Which Form muſt be thus changed, 


aa—da=-—R. 


Then make a8 before, ed 4 
And then eeed+idd=aa 
And —ed—+dd =—ad. 


r 
Then is ee=4 dd R 
And e= /:44d—R. 
And ſince, e+id=a 
e=a—1d=(V 14d —R.) 


Wherefore (becauſe there are two Poſitive 
Roots in this Form) 


a=V :4dd—R+:z4. 


Bur the Value of a is Ambiguous, and you 
muſt generally try both Roots before you can ſind 
which will Solve the Queſtion: Whereas in the 
other two Forms the firſt 4 found, will be that re- 
quired, 

N. B. In thi way of Solving Quadraticks, the 
known Quantity added Fo, or Subtradted from ©, 
muſt be always half the Coefficient. in oh 

Conſtruftion 


(198... 


Conſtruction 0 f Adfected Nuudraridl. 


1 HE Conſtruction of S. ;mple Quadraticks, you 
have before under Simple Equations: Thatof 
Adfettcd ones, iseafily done many ways. | 


I. In the firſt Form of Quadratichs, let a a+ 
da=R. EEE AWE of Ya. 
TEE a8 
tation, «= Vz! R PZ | 


| Wherefore deſcribe a Circle whoſe Radius 
\. ſhall be CT 5d, and make the Tangent T E = 
IR, drawing = the Secant 8 C E; then will 


c R= V. "ES... = (by 47-2 I, ew 


ſeqnently n E = Fg 2175 4. 
0 II. I 


Ga ery fo n ol A UATES fre 


2 
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II. In the ſecond Form, where aa — 4a = R; 
d 
; will be equal to V: R 2 - » And con- 


ently, the ſame Conſtruction bp Diagram 
ill ſerve here, which was uſed in the firſt Form: 
And the Root will be repreſented by S E = 


V TddLR +44. 
II. In the third Form, where S a — 4 R, 


TOTS. | 
tail be equal to +V/ : px — R, and here 


the Root 4 hath two real Values; make CT 
=3S) the Radius of a Circle, and erect the 


mr ER) | R 


3 n 
D 50. T7 


Perpendicalar ET = Y: R; then draw E Q Pa- 
tallel to C T, and NO Parallel to E T; draw 
alſo the Radius C N. l hen will (by 47. . 1 Eu- 


88 
cid.) CO = ET R, and conſequently, 


— 


2 Kin 508 
$0 =--+ V. Ribe greater Root 


a, 
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— — 


8 _—_ 
a, and OT= 2 VR Or che two 


Roots will be QN and N E, equal to the for. 
mer. | 4 Toh! 71 


w — Em 


Aifefted Ouadraticks. - 


R. Wallis way of Conſtructing the three 
| Forms of all Quadratick Eguntions, accord- 
ing to Mr. O»ghrred's Method of Solution. Draw 
two Concentrick Circles, and let the Diameterof 
the greater be called S, and the Diameter of the 


6 dP m 


leſſer D, the Sum and Difference of the Roots 
found. Wherefore H and d will repreſent the 

half Sum and half Difference of the Roots. 
Since therefore Oughtred's Theorem, as is ſhew- 
ed above, is thar SS —<DD=4R. Let /R 
be made a Tangent to the leiſer, or a Right Sine 
to the greater Circle, as you ſee in the Figure ac- 
cording as D, or S, is given: And draw = rhe 
ig Po- 
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Hyrothenuſe H. Then will the Baſe of the Tri- 
angle be l. And HH — 4d R (by 47. 41.) 


1 
That is, — — — =R. Wherefore by Tran- 


"Rp: 
ſpoſition, H H = R + 4d, and therefore H = 


/:R+44d: And conſequently, if it had been 
in the firſt or ſecond Forms, where d and R were 
given, H will alſo be found. Or if H had been 
given, and d required as inthe third Form. Since 
HH=R+44; Therefore HH —R = dd: 


And v : HH—R = d: And having thus found 
H and d, the half Sum and half Difference of rhe 
two Roots. Then H + 4 (op) will be the 
greater Root a, and H — 4 (= pn) will be the 
leſſer, which will be Affirmative or Negative, 
according to the Form and Circumſtances of the 
Equation. 8 


A Queſtion and Problems in Adfected Qua- 
araticł Equatians. 


QUESTION. 


Two Men have each a certain Number of Crowns, 
whoſe Sum Subtracted from the Sum of their 
Squares, leaves R — 78 : But their Sum added to 
the Product of the two Numbers, makes 39 8. 
How many Crowns had each ? 

For the unknown Sum of the Numbers pur 2 4. 
and for tlieir Difference 2 c: For then the Num- 
bers may be thus noted, a + e = > and 
4 — = <S, L Where 


74 Aaſected Quyadrdtichs. 
Where > and << ſigniſie the Greater and 
Leſſer. 


Then, 


| 1,244 + 2ee = Sum of thei 
IS Squares. 4 
I—24} 2244 +2ece— 22 =R by 


* the State of the Queſtion, 
R 


2: 2 324 T 2 2 3928 
2 
4/39 —aa+a=es, which 
o | will ar laſt find e. wn 
$/44—e+a4a=S, Their Pro- 
duct added to their Sum. 
By Tranſ.] (4A $24 —S=ee, 
7139 © a4a=44%+24—39 
(9) = ee, 
878 =24a +a. 
944 44 τ 39zS; which is a 
- | Quadratick of the firſt Form. 
Compl. O1 +3 4+ ##= 39 . 


uu [IH{4+$=x: 39 ÞH3;- 
12ja=4/:39+ + —i=6 


131 Therefore 2 4 = 12. 


And (a) why known, the value of (e) wilt be 
found from the fourth Step. Where e = 3. 
Now, by our „ rat at firſt, the greater 
Number was a+ e, that is 9; and the leſſer was 
#—e; that is 3: Which Numbers 3 and 9, will 
Anſwer the Queſtion. 


For 
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F For 12, their Sum, taken from go, the Sum of 
their Squares, leaves 783 and added te 27, their 


Rectangle, makes 39. 


N. B. By thi Method of putting a + e and a—e 
for the two Numbers ſought, inſtead of a and e, 
as in the common way; many Queſtions produ- 
cing Adfected Quadraticł Equations, when that 
way 2 may be ſolved as eaſily, and in 
the manner of Simple Equations. Eſpecially 
when the Sum and Difference, or Sum or Dif- 
ference of the Squares * the Qpanti ties fought, 
are among the Data. 


PROBLEM I. 


The Difference of both the Legs of a b 
Right-angled Triangle being given 
from the Eypothenaſe ; 6 nd the d 
Sides and the Triangle CK ad — 


to Form it. 


Let the Difference of the leſſer Side from the 


HYpothenuſe be (H) and thar of 2 greater (d.) 


For the greater Side ſought put 
Then will, 
12 ＋ d = Hypothenuſe. 
24 —6 = two the leller Si 
444-24 dj dd: =24a+Y 


5 
A dt n bs, bd + d 44 bb, 
1 


1342 
J. e. 7. 


by Compariſon and Tranſpoſi-„ 
tion of rhe laſt Step 


L 2 . 
| 


76 Aafected Quadratichs. 
Tranſp. | 5 | 44 — 24b=2 b d—b, which 
. Hy is a Quadrarick Equation of 
the ſecond Form. 
Compl. 0:6: 4a4—2ab+bb=2bd. 
w. | Tla—b=+:2bd. 5 


| [a=4y/:2bd+b. 


The Geometrical conſtruct ion. 


Find a mean Proportional between d and b, 
which let be D F; to which, place at Right-an- 
gles FG to DF, draw G D, and cut off HD 
= GD. Then will B H be the greater Side 


* 
. 8 
9 . 
1 E 4 D 5. 17 


ſought. And this being produced to C (ſo that 
CCH = E D) will give ol D (SAC) the leſſer 
Side of the Triangle required. Draw a Semi- 
circle on CB, and apply AB = HB. Then 
Nr C, and the Triangle is found, which is 
© Fa 4 | | 
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PROBLEM I. 
Having in the Square A B C D, the Difference lo- 


tween the Sides and Diagonal = 6, or a, to find 
the Side of the Square. 


A E 
x| 

NC 
DE X 


Let the Side ſought be called x, and 6 = 4. 
Then x + a = A C the Diagonal. 

But (by 47 6.1 Eucl.) ACq;=2ADgzaorto2 xx. 
That is x x2 Xa4+Saa=2xx. 
Expunge then xx on both Sides, and it will be 

2X4 LA X. 
And then by Tranſpoſition, x x — 2 ax = aa. 
Complear the Square, and ir will be 
XX - 24 XK 44 244. 
Wherefore x — a 2 : 244, 7 
And conſequently x = V :24aa%Sa= 14.48. 
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78 Aafected Quadraticſs. 
PROBLEM HI 


a tis Segment of the Baſe of a Right-anyle4 


Triangle, .as alſo the Side of the Triangle hy 
cent to the other Segment of the Baſe ; 'ty. requi- 
red to find the reſt, and to form the Triangle. 


Suppoſe it done; and let the Segment b, 7 
7 e c, he both known or given. Let x, the 


other Segment of the Baſe, be ſought ; which s 
all that is neceſſary to folve the Problem. 

Here therefore, ſince P is ſuppoſed to be a true 
Perpendicular. 


1|cc—XxXxX=PP, 47 f. 1 Euclid. 

* And becauſe the Angle at the Top is a Right 
done, therefore pp= b x, which gives 
| another way 7 expreſſing p 2 So that, 
cc - & K b x, and confequently by 

| Tranſpoſition. 5 

4er Lx, which is an Adfeced 

1 of rhe firſt Form, Where 


4 


bb 
bis =x x + b xp — by _— 
the Square, And, 
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form ＋ > Al 14 e. 
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e by Evolution. | 
Laftly, | 
7 Vent — 2 =, 


Geometrical Conſtruction. 


N hr Angles e F band FA 

Fe Ra ius e F deſcribe rhe 
Gel: BED, and thro the Centre e draw the 
Line ADB. Erect then at D the ln 


DK, which Limit, by deſcribing a Semicircle 
on B A: Thar Semicircle ſhall cur the Perpendi- 
cular in the Point K, the Vertex of the Triangle 
required, whence draw the two Legs B K and 


KA Sos K A the Triangle ſought. 
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Of Cubick and Biquadratick Equa 


tions. 


MR. Har-ot ſhews the Original of a Cubick E. 

quation to be derived either from three La. 
teral or Simple Equations, reduced firſt to the 
Form of Binomials, and then Multiplied continu- 
ally into each other; or elſe from one Quadratick 
M.ultiplied by a Lateral. 

Whence he deduces that all Cubick Equation: 
have Real or Imaginary, 3 Roots; or as many as 
are theDimenſiohs of its higheſt Power. 

Thus to form a Cubick Equation, let its three 
Roots or Values be a = 2 
a = 3 then by reducing 
2 
them to his Form of Binomials, they will ſtand 
thus, | | | 


i 


8 — 2 = © 
631 = © 
a — 4 = 39 


And theſe 3 Binomials Multiplied continually 
into one another, do produce this Equation 4 4 4 
944 ＋ 264 — 24 o, or a3 —6 4 a+26 
a —= 24. Which Cubick Equation would have 
been produced alſo by Multiplying the Quadra- 
tick aa —5a+S6=0, by a — 4 o. 


In like manner he ſhews the Derivation of a 
Biquadratick, Equation, to be either from tour 
Simple 
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Simple or Lateral Equations, reduced as above, 
to the Form of Bineomials, and continually Multi- 
plied inro one another : Or elſe from a Cubick 
into a Lateral, one Quadrarick into another, or a 
Quadratick Mulriplied by 2 Laterals. Wherefore 
he ſaith, every Biquadrarick will have Real or I- 
maginary, four Roots, agreeable to the Dimenſi- 
ons of irs higheſt Power. 

Thus if the former Cubick a3 — 9 aa +26 4 

— 24 = o, be Multiplied by a + 5 = o, there 
will ariſe this Biquadratick Equation, a — 4 a? 
—1944+1064—120-=0; that is, at — 
443— 19484 +1064 = 120.. 
From which Original of theſe Cubick and Bi- 
quadratick Equations, tis plain, That aſſoon as 
you can diſcover the Value of any one Root, you 
may depreſs the Equation a Dimenſion lower, by 
dividing it by ſuch Root reduced to the Form of 
a Binomial, as above. Thus, If you find that 
one Root, or one à is 2, then divide the laſt 
Equation by a — 2, and it will bring it down to 
a Cubick ; and that Cubic being again divided by 
a—3, 4— 4, or a+ 5, will be depreſſed into 
a Quadratick, &c. And this is ſomerimes of good 
Uſe to diſſolve Compound Equations into their 
Components, as hath been ſhewn by Des Cartes, 
Hudd, and others. 

From this Method of Compoſition of theſe E- 
quations, tis alſo apparent, of what Members 
each of the Coefficients are made up. For, 


I. The Coefficient thè ſecond Term, u always 
the Aggregate of all the Roots under contrary Signs. 
Thus, In the Cubick Equation above mentioned, 
the Coefficient 9, is the _ of 2, 3, and 4, bar 

$- * 
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the Negative Sign. And 4 the Coefficient of the 
ſecond Term in the Biquadratick Equation above 
mentioned, is the Aggregate of 2, 3, 4 and — 3; 
that is, 4 with a Negative Sign. Wherefore it 
follows, That if all the Negative Roots, ſeclu- 
ding their Signs, be equal to all the Affirmatives; 
(tho' not each to each reſpectively) then will the 
Second Term quite vaniſh out the Equation, and 
be wanting, as tis call'd ; becauſe the Negatives 
and Affirmatives do mutually deſtroy each other: 
And vice vers, whenever the ſecond Term is 
wanting in one of theſe Equations, rhe Roots are 
thus equal, and have contrary Signs. 


II. The Coefficient of the Third Term is the 
Aggregate of all the 3 made by the 
Multiplication of every pair of the Roots, as of- 
ten as they can be taken; which in a Cubick is 3, 
in a Biquadratick 6, in an Equation of the fifth 
Power 10, &c. according to the Order of Trian 
gular Numbers. | 

Thus in the Third Term 26 4a of the Cubick E- 
quation before mentioned ; 26 the Coefficient is 
the Aggregate of 6, 8 and 12, the 3 Rectangles 
of the Roots 2, 3 and 4. 

And here if all the Negative Rectangles (ſeclu- 
ding their Signs) are equal to all rhe Affirmative 
ones, they will deſtroy one another, and ſo the 
Third Term will vaniſh or be wanting. 


III. The Coefficient of the fourth Term, is the 
Aggregate of all the Solids made by rhe continual 
Multiplication of all the Ternary's, or every three 
of ſuch Roots ſo Signed, &c. and ſo on ad Inf- 
nitum. | 

IV 
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IV. As in Quadraticks, the Abſolute Number 

iven, is always the Rectangle of ihe 2 Roots, or 
Flues of a, So in Cubicks tis always the Solid 
made by continual Multiplication of all the three 
Roots one into another; and in Biquadratichs, of 
all the four Roots, c. 
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The Reſolution of Cubick and Biqua- 
dratick Equations. 


* 

Sto the Reſolution of theſe kind of Equations, 
I ſhall in this ſnort Treatiſe make no men- 
tion of Kerſey's way of finding all the juſt Divi- 
ſors to the laſt Term, or Abſolute Number given; 
(See Kerſey's Algebra, Vol. 1. Book 2. Chap. 10. 
dect. 9.) Nor of the Common Rules of Cardan for 
Cubicks : Where the ſecond Term muſt firſt be 
taken away; becauſe at the beſt they are not per- 
fect; and alſo becauſe they are very tedious and 

troubleſome. | 
I would rather adviſe the Learner ro make Uſe 
in ordinary Caſes of the general Method of Ste- 
vinu mentioned by Kerſey in the ſame Chapter : 
For tho that be but a Tentative Way, and comes 
to the Truth only by frequent Trials; yer when 
tis made familiar by Practice, and Experience 
hath taught him how to judge of the Limits of 
Equations, it will expeditiouſſy enough diſcover 
one true Root (if ſuch there be) in almoſt any 


kind of Equation ; whether having all its Parodick . 
M 2 Degrees, 


| 
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have proceeded further in the ſame Method, and 


fore aecording to the Equation, 4 4 a (== 125) + 


Degrees, or Terms, or not. And when one true 
Root is found, you may (as is ſhewn above) de- 
preſs the given Equation by it (if it be a Regula 
one) one Degree lower, and by that means eaſily 
diſcover the other Roots. 


Of thi Method take a few Exam ples. 
EXAMPLE I. 


Suppoſe the former Cubick Equation given, a? —9 
| a a ＋ 26 4 24. 


Firſt, I will imagine a= 1, and working ac- 
cording to the Equation, I find that 27 — 9(=18) 
= 24. Wheretore I conclude à is greater than 
I try again, and ſuppoſe a — 2. Then will 8 + 
52 — 36 (i. e. 60 — 36) = 24. Which Anſwers 
my defire, and gives me one real Value of 4 the 
Root in this Cubic Equation : After which I may 
either divide the given Equation by a — 2, which 
will bring it down to a Quadratick; or I might 


have found alſo, that 3 and 4 would have been 
the other 2 real Roots. 


EXAMPLE II. 
Suppoſe aaa —22aa +157 a = 365 ? 


I make tryals with 1, 2, 3 and 4, and find thein 
all roo little; wherefore I imagine a = 5. Therc- 


157 a (= 785) — 22 44 (= 550) = 360; whict 
I find it is exactly: And thence I conclude, that 5 


1 


Q 
0 072 PP 101 ts 
7 { 8270 gere. Naber | n . 
e — 2 [ * ogy 7 2 an, 

Ao 


Fg. oo ej 1/1 (Xtr. , 
A, Þ4 AG87Ih 


Vece v en of 
th,» of, be - ar A 4 oY (/ 


Coeffreces ef 4 deves. Equation. 
Tie 0. (f — K * WW »h a | 7 wy 7 ac 7 
re rede 11.4 q 2/1 { oe IST Ho ; A 14 

Ad Ker = A 122 x MN 55 

9 a 
9x N + ra NH) + 5x)" 


# 2 
Aut 40 * Aug E. e es ei 
” a 9. 3 3 F < | 6 7 [| 
be. tH 2 eo, ute OE {1 07061 CS thr; 
& . * 8 a e s 1 
aA-H616010 5 1 ee etHie 
1 #1\ "8" $297” 
ers) is a7 AP o HH Hot. 
0 * of i R — [4 — 4 * 
Nee eres vC/ oc F7'T 1 „ JTo ys 
4 | A £8; {Lf -t. 
Wer PVECYREADSENSC ur. N "0 MN N 
f. Gecten nende s utter! 
red i070 elite gels? 
* 9 F _ h 
017 044 THear Mics?! 


e. car. err - M--—4q 


eber A 1 < 14. 4 Ne P * 


I * 


The Reſolution of Cubic, &c. 85 


is one true Root of that Equation. Dividing then 
the Equation 4 44 — 2244+ 1574 —360=0 
by a—5. I reduce it to this Quadratick a a — 
1794 ＋ 72 =o, That is, aa — 17 a = 72, 
whoſe two Roots are 8 and 9 : Wherefore I con- 
clude 5, 8 and 9, to be the three Roots of the E- 
tion given, 

If this irregular Equation were propoſed, 
(where alſo the Abſolute Number is a Fraction) 
xxxx+ 50 x= 184638.6801. I can diſcoyer 
at firſt Sight almoſt, that x muſt be ar leaſt equal 
to 10, and trying with 10, I find it too little; bur 
trying with 100, I find that much too great: Pro- 
cceding then again, I find 30 roo much; I try 20, 
and I find that ſomething too ſmall; bur 21 J find 
too big: Wherefore I know x muſt be = to 20, 
with ſome Decimal Fraction annexed. And at 
laſt I diſcover 20.7 to be the very Root ſought : 
For Multiplying that according to the Equarion, 
it will produce x x x x + 50 x = 184638.6801. 

But for an Univerſal Method of Extracting the 
Roots our of all manner of Equations, whether 
Pure or Adfected, in Numbers, there mult be re- 
courſe had to that of an Hin ite or Converging Se- 
ries, Which, I believe was firſt hinted by the In- 
M2 . Mr. Iſaac Newten, and afterwards 
og ued very fly by Mr. Rhin; and from him 

y D. Lagney ; then the Sagacions Mr. Haley 
took the Matter into Conſideration (in Phileſcph. 
Tranſat. N. 210. A. D. 1694.) Demonſtraring the 
Reaſon of Dr. Lagney's Rules ; and carrying the 
Thing much farther, by an Univerſal Method of 
his own, Which becauſe tis there largely deli 
yered, Illuſtrated with Examples, and Explained 
by proper Notes and Obſervations: And ou 

alto 


| 


a very good Account of it in his Element. irit), 


| the Section will be a Triangle, as a bc, and if 


86 The Reſolution of Cubick, &c. 
alſo the Ingenious Mr. Wells of Oxford, hath giver 


Numer. & Specioſ. I ſhall not here ſtay to explain, 
but muſt refer the Learned Reader thither. And 
this I the rather chuſe ro do, becauſe Mr. Hand 
alſo in his Compendium of Algebra, hath largely 
inſiſted on this Subject, in our own Language; 
hath very much improven on Mr. Ralphſor's and 
Capt. Halley's Foundation, and given a variety of 
Theorems and Examples; with very uſeful Con. 
trations in the ſeveral Methods of Operation. 
| fhall therefore next preceed to give you the — 
Geometrical Conſtruction of theſe kinds of Equa- WW = 
| 


tions, by which Al their real Roots will be moſt 
eaſily and readily found. 


b. 


* Pe 


Conſtruction of Cubick and Biquadratick I. 
Equations. | 


Since the Conſtruction of theſe kinds of Equa- 
tions is done by the help of the Parabola : It 
will be neceſſary firſt to Explain what is meant 
by that Word, and to ſnew you thoſe Properties 
of ir, which are made uſe of in theſe Conſtru- 
ctions. 5 

If then a Cone, as abc be cut thro its Axis, 


in the Plane of that Triangle you draw a Line, or 
A x X Parallel to either fide of the Cone; as ſup- 
poſe here to ac: And then in the Plane of the 
Circular Baſe of the Cone, erect X N Perpendi- 


cular 
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cular to the Diameter. I ſay, If you imagine the 
Cone to be now cut by another Place, according 
to the two Right-lines AX, X N, the Section 
20 thence, NM Ar RN is called a F- 
rabola. | | 

The Point A is called the Vertex of the Section, 
or the Vertex of the Parabola. 

Any Right-line, as ræ, or R X; A or NX 
applied at Right Angles to A X (which is called 
the Axis of the Parabola) is called an Ordinate: 
And the Part of the Axis intercepted between the 
Vertex A and the Ordinate, is. called the Alſciſſa: 
By ſome, che Inrercepted Axe. 

And if you imagine a Righr-line found, as PA, 
which ſhall be a third Proportional ro he H ciſ⸗ 
fa, A x and Ordinate, 7 x ; and which ſhall be 


placed 


8 0 onſtruition of Cubick 


placed ar the Vertex A, Perpendicular to the Axis, 
or which is all one, Parallel to the Ordinates: That 
Line is called the Latus Rectum, or Parameter, 

And the Nature of this Curve, the Parabola, is 
ſuch : That if any one Ordinate as x r be a mean 
Proportional between P A the Parameter, and A x 
the Abſciſſa: Then will every other Ordinate, 
whereſoever drawn, be ſo too, between the ſame 
Parameter P A, and the proper Abſciſſa to that 
Ordinate. 

This therefore is the firſt Property of the Para- 
bola; that, The Square of any Ordinate j equal to 
the Rectangle under the Parameter and the Abſciſſa, 


proper to that Ordinate; which may be thus caſily 


demonſtrated. 

Draw f d Parallel ro the Diameter of the Baſe 
of the Cone; or imagine the Cone to be cur there 
again, by a plane Parallel ro the Baſe ; then will 
that Section « a Circle. 

1 | Tis plain xd will be= Xe, as being oppo- 
fire Sides of a Parallelogram. 

and the Square of x r = Rectangle x d, 
from rhe Nature of the Circle. 

3 AX: XI :: Ax: x, by Similar Trian- 


gles. 
4 | Wherefore if X b and x f be Multiplied by 


one and rhe ſame length, the Proportion 


AX:XbxXe::Ax:txfxxd. 
{5 | Thar is in other Words, AX:XRg;:: 
Ax: xr q; by Step 2 ; and therefore al- 
rernately, AX:Ax::XR9gq;:x74; 
Which by the by, ſhews you alſo another 


general 


2 | The Square of X R Rectangle b X c, 


will continue, and it will ftand thus, 
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general Property of the Parabola ; chat, 
The Squares of the Ordinates are to one ana- 

ther as the Abſciſſe. Vid. Mydorg. Coni- 

corum Lib. 1. Theor. 7. 5 ? 

6 If four Quantities be proportional, they may 


| 


XR 9; 
| be expreſſed Fraction-wiſe thus. 
AX 
X 7 73 
= And then either of thoſe Quan- 


Reftum : Ler * therefore be called P. 

R 4; 1 85 
Wherefore fince —— = P: PM AX 
AX 


will be equal to X R gq; : and P x by Ax 
rg 
7 Wherefore P:XR::XR:AX, and 


P: xr:: æĩõ r: Ax. 


A x 
| rities will expreſs the Parameter or Latus 


That is in Words, The Ordinate is a mean Pro- 
portional between the Parameter and the Abſciſſa. 

Or, The Square of the Ordinate equal to the 
Rectangle under the Parameter and Abſciſſa. Which 
is the firſt Property of the Parabola below to be 
made uſe of. | 

The ſecond Property of the Parabola, here to 
be obſerved, is this; that, The Parameter 4 to the 
Sum of any two Ordinates, as their Difference *; to 
the Difference of the Abſciſſa. 

Which Property, now commonly called by the 
Name of Baker's Property, was unknown to the 
Ancients, and was diſcovered by Mr, Strode of 
Maperton, who communicated it to Mr. Baker, — 


| 
| 
| 
| 


yo 


Conſtruction of Cubicſ 


he Ingenuouſly owns. Tho Mr. Baker applied 
with great Advantage to the Conſtruction of cy 
bick and Biquadratich Equations, having all thei 
Terms, as we ſhall ſhew below. | 

This Property is thas demonſtrated very briefy, 


Ler p 


| be the Parameter, O and O two Ordinate, 
and A and a their proper Abſciſſa. 
2d. 
F 
7 e ee 
8 : 
A 

N 
a 
. 3 : 
* =O" 4 


I fay, That P: OG:: O—O:A—a. 


” 


For, | 


PAS OO and P = OO, by the firſt Pro- 
perty of this Curve. 


Wherefore PA - P OO OOnud 

then by only, 

Reſolving that Equation into Proportional 
it will ſtand thus. 
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Becauſe in the Conſtructing of Equations this 
way, there will be frequent (or rather conſtant) 
occaſion to deſcribe Parabola's proper for the E- 
quation (for tho Mr. Baker truly faith, It may be 
done by one and the ſame Parabola, yer whoever 
will apply his I heory to Practice, will find great 
trouble and difficulty in it:) For this Reaſon, I 
fay, tis very convenient to know readily how to 
draw a true Parabola on a Plane by a Scale and 
Compaſs; which is moſt eaſily and expediriouſly 
done thus. | 

Firſt, Draw the Right-line a A # X, repreſen- 
ting the Axis of the deſigned Parabola. Then, 
whatever the Latus Rectum, or Parameter if it be, 
(cho by the by twill be beſt, either to make it 
exactly an Inch, half an Inch, c from a good 
Decimal Scale, unleſs its length be determined by 
one of the Data in the Equa tion, as it often may 
advantageouſly be) whatever therefore be the 
length of the Parameter, ſer one half of it down- 
wards from a to f. So ſhall F be that Point, which 
is called the Fecus of a Parbola : Then Biſſect f a: 
And that determines the Point A, which is the 
Vertex of the Parabola, Next fer PR (= to the 
Parameter) at Right Angles to the Axis in the 
Point F, which will give P and R; two Points, 
thro which the Curvc of the Parabola muſt paſs. 
Draw then as many Parallels as you pleaſe to PR. 
downward from F (which is eaſily and ſpeedily 
done by a good Parallel Ruler) as h h h, 5 U h, 
&c, ſo ſhall the diſtance 4 6, ſer from /, cut and 
limit every proper correſponding Parallel, and give 
the Point h, on each Side the Axis, thro* which 
the Curve of the Parabola will paſs. err 
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The firſt that attempted the general Conſtru- 
dion of theſe Equations, was the Famous Des 
Cartes ; who in the third Book of his excellent 
Geometry, ives a Merhod by means of A Para- 
bola and a Circle, ro conſtruct and find the real 
Roots of all Equations not exceeding four Dimen- 


cons, Which Method was however not perfect, 


becauſe it would conſtruct only ſuch Cubick and 
Riquadratick Equations as had their ſecond Term 
ful taken away. 

However, becauſe this was it which gave Riſe 


to Baker's excellent Rule, and to whatever Im- 
rovements have been ſince made in it; and be- 
cauſe here is laid the firſt Foundation, Reaſon, 
and Demonſtration of the whole Matter; I ſhall 
begin with a ſhorr account of it. 

When the ſecond Term is taken away, or 
wanting, he reduces all Cubick Equations to this 


Form Zꝭ X 425: 4244 π 0 : And all Biquadra- 
ticks to this, Z. K AHJ J: 42441 4242 παBỹů“dru 
Where a repreſents the Latus Rectum or Parameter 
of any given Parabola; and is ſuppoſed = 1. Thar 
ſo its Powers may produce no trouble in the Ope- 


ration, By. which means the former Equations 


will be in this Form, Z* XI: 4 = o, and Z+ 
X IZ: {x r o. Where 71s the unknown 
Root ſought ; y the known Part of the Third Term, 
or a known Number Multiplied into the Square 
of x: q the known Part of the Fourth Term, or a- 
nother known Number Multiplied into x, and r (if 
it be a Biquadratick) is the Fifth Term, or Abſolute 
Number given. But if the ſecond Term had not 
been wanting, that would have been p, the third 
9, the fourth r, &c. and in the Cubick, q is the 


abſolute Number. 
Let 


—— —ͤœ— o 
= 
_— — — 
P_— —— - 
— 


— 


— >. . 
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Ler then any Parabola, as F A G, be fuppoſeg 
to be deſcribed, whofe Axis is AD L, and its Pa. 


rameter 4 — I, 


Firſt, Take A C equal to half a; ſo that the 
Point C will always be within the Parabola. Next 


in the Axis, (downwards from C if p have a Ne. 


gative Sign, but upwards in the Axis produced 
when / harh a Poſitive Sign) rake CD = | ;, 
Then from the Point D thus found, (or from C it 
the known Part of the third Term ꝗ be alſo want. 
ing in the Equarion) erect a Perpendicular to the 
Axis, as D E, and make it equal to half 9: 
Which Perpendicular D E, muſt be on the Right. 
hand of the Axis, if J have a Negative Sign: 
But towards the Left if it be + q. After which 
deſcribing a Circle on the Center E, with the Ra- 
dius E A, it will (if the Equation were only a 
Cubick one) cut the Parabola in as many Points as 
the Equarion hath true Roots: And the Affirma- 
tive ones will be Perpendiculars or Ordinates, let 
fall from the Curve to the Axis on the Right hand, 
and the Negative ones ſuch, ſo let fall to the Axis 
on the Left hand. 


But if the Equation be a B:iquadratich, there is 
ſomething farther neceſſary to find the Radius of 
the Circle. For then the fourth Term er being 
there, and having a Poſitive Sign, take downwards 
from A the Vertex of the Parabola on the Line AE, 
which ſuppoſe drawn AR = r and produce R A, 
till AS become equal to the Parameter, or = - 
= 1. Then make RS the Diameter of a Circle, 
and at A erect AH Perpendicularly ; ir ſhall cut 


the Semicirple in H: that H E ſhall be the 
Radius 
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Radlus of the Circle that is to cut the Parabola. 
(See alſo Fig. following. Where the Point D, is in 
the Axis produced above the Vertex.) 

But if the Quantity v happen to have a Nega- 
tive Sign in the Equhtion; there muſt yer another 
Circle be deſcribed on A E as a Diameter : In 
which accommodate A I = ro A H the Perpendi- 
cular before found ; which will find the Poinr I, 
through which the Interſecting Circle muſt paſs : 
And whoſe Radius will be I E, and Center E, as 


before, 
See Fig. in Pag. da. 


And 
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And by this means a Circle will be draws, 
which will cut the Parabola ir 1, 2, 3 or 4 Points, 
from whence Perpendiculars let fall to the Axis, 
will be all rhe poſſible or real Roots of the Equa- 
tions, Affirmative or Negative: The former of 
which will be on the ſide of the Axis that the Cen- 
ter E is, when tis + 4, but on the other Side, 
when it is — 9. 

The Demonſtration of all which he thus very 
eaſily gives us. 


Call 
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Call the Ordinate G R, by this Canſtruction 
found to be a true Root, by the Name of 3, Then 
As plain the Abſciſſa, A K muſt be 7x, cauſe 
in the Parabola the Ordinate is always a mean 
Proportional between rhe Parameter (here ſuppoſe 


a= 1.) and the Abſciſſa; by rhe firſt Property of 
this Figure above demonſtrated. Wherefore if 
from A K you take AC= = (or + a) and then 
CD =4%p : The Remainder DK (= EM) will 
in this Notation, be 31 —+ — £. (See the two 
former Figures.) And this Quantity XX — 225 — + 
3 | P 
Squared, produces #* — 3 4 P KK —+ 


? 80 4 
—+3, And becauſe by the Conſtruction D E 
2 "0 - or 
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or K M =! 4. therefore the whole G M will be 
in this Notation + + q, whoſe Square is N 
+ x 9+ = Add then this and the former 


4 
Square of D K or E M together, and it make 
iir patio tIp+th 
which G 47 - A Eu; 7 vill ln the 
Square of EG, as being the Hypothenuſe of the 
Right-angled Triangle E M G. 

Bur this Line E G, being the Radius of the 
Circle F G, may eaſily be expreſſed another way, 
by taking for it its equal E H : For ſince E D was 
taken equal to ; 9, and that A D was = 5 p+}, 


E A muſt be = to VII 2 + 55 by 
reaſon of the Right-angled Triangle A D E. 


Wherefore alſo, Since A H is a mean Propor- 
tional between AS= 1, and AR = x, it muſt 
be noted by /: r. And fince E AH by the Sup- 
poſition is a Right-angle, the Square of E H (:e, 
E G) will be equal to the Sum of the Squares of 
HA and of EA: Now the Square of E A is 
— + 25 + LE Þ+ 4 To which adding the Square 
kin 4. 3 

of AH = , it will ſtand thus, UE H 24 
Pp: And finceE G EH, 
theſe two Quantities will be equal, viz. & — 
11 

LEI RT III 12548 +4 TY 

1 | 

 — + — + 4. + 7 : Compare then theſe rwo, 
4 2 and 


„„ 


— — — . 


" 
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1 
q 
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and reject what is comman 2 both, and you will 
ind remain & ＋ X- & NT o. 

From whence 1 appears, That the Ordinate 
GK, which we called 3, is che true Roar of the 
Equation propoſed to be conſtructed. Q. E. D. 


And if you apply this Calculation to all other 


Caſes of this Rule, changing the Sign + or —, as 
occaſion requires, you will gain your Deſign af- 
ter the ſame manner. 

Thus far went Des Cartes in this Matter; but 
he conſidering only the Axis of the Parabola, and 
not thinking what might be done by the other Di- 
ameters or Parallels to the Axis, could not this way 
conſtruct either Cubick or Biguadratic Equations 
till he had firſt ejected or raken away the ſecond 
Term : Which to effect is a tedious and trouble- 
ſome Operation. 

All which our Famous Mr. Thomas Baker Re- 
or of Nympton, in the County of Devon, well 
confidering, and having withal ſeen how near 
Schooten was of gaining the Point, (who drew a 
Parallel ro the Axis without the Curve, and by that 
means conſtructed Cubicks, without taking away 
the ſecond Term. See his Comment on Des Car- 
tes third Book, Page 328.) He thought of draw- 
Ing a Parallel ro the Axis within the Figure ; 
whereby, and by the help of Mr. Szrode's Proper- 
ty above mentioned, viz. That the Parameter j to 
the Sum of any two Qrdinates : : as their Difference 
i to the Difference of their Abſciſſe : He found he 
could conſtruct all ſorts of Equations, not exceed- 
ing four Dimenſions ; whether all their Terms 
were there, or whether the ſecond third or fourth 
Term, or all of them were wanting. And thar 
he could find the S a Circle which would 

2 cut 
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i} 
| 
| 
ö 
al 


100 Conſtracti on of Cubick 

cur the Parabola in as many Points as the Equati- 
on had real Roots: Which real Roots, would 
now be Perpendiculars let fall from thoſe Interſect. 
ed Points of the Curve, to the ſaid Diameter or 
Parallel to the Axis. Of this he gives abundance 
of Examples and Caſes, with their Demonſtrati- 
ons, in his Geometrical Key, or Gate of Equations 
unlock d. And becauſe the chief or rather only 
difficulty, lies in finding the Center of à Circle 
which ſhall Interſect the Parabola in the Points re- 
quired: He gives us for this purpoſe, what he 
very properly calls his Central Rule, which is a 
Rule confiſting of two Parts: By the former of 
which he determines the Point D in the Parallel 
to the Axis, from whence the Perpendicular D E 
is to be erected : And by the latter, the lengthof 
that Perpendicular, whereby he finds the Point E, 
the Centre of the Circle required. See the folow- 
ing Figure in Page 89. | wy 


Hs Central, Riiles are theſe. 


L * F | a 7 
M 
| : | 8 
a A 
r 36DL = EE CO oBL: 1 


And becauſe L the Latus Rectam or Parameter 
of the Parabola is equal to 1, it may be contract- 
ed into this Form. 6 ls 


— — 6 — P MA — ES = — — — as — r eee oy VS 
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The Analytical Inveſtigation of which Central 
Rule Mr. Baker gives, tho' obſcurely, in his a- 
bove mentioned Book. And 'tis done allo much 
clearer by Sturmiis in the Appendix to his Intro- 
duction to his Specius Analyſis, at the end of his 
Mat heſis Enucleata, which the Reader would do 
well to conſult. 

The Invention, Reaſon and Demonſtration of 
which certain Rule is very briefly and clearly 
ſhown, as follows; in which I was atlifted by 
that Learned Algebraiſt Mr. Abraham de Moire. 

Suppoſe any Parabola drawn, as K A G. This 
Lemma which expreſſes the ſecond Property of 
ry Figure, as above mentioned, may be premi- 
ed. 

That the Line K G being an entire Ordinate, 
and cutting the Diameter or Parallel to the Axis 
CH, at Right- angles in the Point H. Tis plain, 
that L: H K (che Sum of the two Ordinates 
60 ＋ OH) as:: HG (the Difference of thoſe 
wo Ordinates) is to the Difference of the Ab/e:ſe 
ſe CH. Wherefore the Rectangle under L, (the 
Latus Rectum or Parameter) and CH (= BO) 
the Difference of the Alſciſſæ, is equal to the Rect- 
angle under K H and HG ſche dum and Diffe- 
rence of the Ordinates) or equal to the Rect- 
angle K H G. Sup- 
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Suppoſe then in the Figure annexed, Mr. Baker 
L, the Parameter or Latus Rectum belonging to 
this Parabola, to be called p = 1. 


A 
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Let C B = 4. CH = CIP 


0 
CD=6b. FG = NTA. And 
DE d. HK = 24 ＋ . 


Wherefore by the Lemma, or ſecond Properry 
of the Parabola p x by CH =2 a x + 77. 


2 4a 7 + 
Goes ed 8 Pad 


P 
24%+3 | | 


IS 5 
E Eg; ＋ EGA =EGq; =E Cq=EDg+ 
DC g. t is, in way of Notation, 
4 N TAZYπ̃ r 41 —2bK& 


7 7 
DI TZXTZzZdT dd UUT 4d. 
Strike out b dd being common to both 
Sides of the Equation, and it will ſtand thus, 


4 NTA Y TXT 4K 


— 22 - 


77 1 

T ＋E2d X o. Aſter this, if you Multiply 
the laſt Equation by p p, and then divide the Pro- 
duct by x, you will 70 it to this Form, 4 44 x 
4 ZTFYTXXX—- 47A 22 AA 
+2ppd =o. 

Or, ro reduce ir ro a more regular Form, where 
the Terms ſhall be ranged in their proper Order : 
Let it ſtand thus 


— * ** 
d - ii. ax — — 


— - 
— — 


12 


2 
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2 4 +F#f/—40pe 
44A ＋ 22 d= 
— 


Or, if you had called the whole Line C Q, by 
the Name of a, as Baker calls it p, the Equation 
would ftand thus. 


2 T24 Z Z ＋ ppr—2bpa 
+ 444 T2 d De 
— 2b p,. 


And this is a Cubick Equation produced, ha. 
ving all its Parodick Degrees, or Terms, and one 
of whoſe true Roots is apparently 2, a Right - line 
let fall from G, the Point of Interſection of the 
Circle and the Parabola, to the Diameter or Ps. 
rallel ro the Axis CH. 

Now if you will compare this Equation Mem- 
ber by Member with one given to be ſolved in 
the common Form, as ſuppoſe Z3 ++m Z ZII 
— SS ©, you will find all things reſpectively e- 
qual. Deſcribe any Parabola, as K A G inthe 
laſt Figure, where apply Q C at Right-angle to 
the Axis = + m. Then compare the Coefficient: 
in the two next correſponding Terms in both E- 
quarions, and you will have p p + aa —2p bin 
the former, = 7 in the latter or common Equa- 
- tion, This is (becauſe 2 a the Coefficient of the 
ſecond Term in one, is equal to m in the other 
Equation, and -conſequenstly à + m) p p + 
m 22 =. - | | 

| Wheie- 


— — — 
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— 


f | pP In m -r mm 
Wherefore þ = ———— =jp+— 
2 5 3p 


Zr 
+ — 2: Which is the Rule to find the length of 


C >, or to determine the Point D, nearly the 
ſame, changing only the Letters with Mr. Baker's 
5 
firſt Rule, viz, — — + Bet 6 = AD. 
a $5... aL 
Then again, compare the next two correſpond- 
ing and equal Terms in both Equations together, 
and you will have 2 p 64 —2 bp a S; where- 
S+2bpa | 
fore d = =— 3 which being all a known 


2 
Quantity, the length of the Line E D is known; 
and conſequently the Central Point E is found, on 
which the Circle is to be deſcribed with the Ra- 
dius E C, or E G. | 
For in every Cubick Equatson, where are all the 
Terms, the Circle will paſs thro the Point C, 
the Vertex of the Diameter or Parallel to the Axis. 
And the Circle will cut or touch the Parabola in 
as many Points as the Equation hath vea ! Roots, 
which will be Perpendiculars, let fall from thoſe 
Points to the Diameter C H. And which of 
them are Poſitive or Affirmative, and which are 

Negative, hath been ſhewn above. | 
Bur if the Equation had been a Biguadraticl, 
the Circle will not . paſs thro the Vertex of the 
Diameter, but chro another Point, to be found 
according to the Rule above mentioned in 
Des Cartes his e which is to ſer 
p of 


| h 
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5 
y — (if S repreſent the Abſolute Number 0. 


fifth Term in ſuch an Equation, and have a Ne. 
gative Sign) ar Right- angles to L C, on the Ver. 
tex of the Diamcter but if it be ＋ 8, then tha. 


Line / muſt be inſcribed in another Semici. 


cle made on the Line E C; which being ſer from 
the Vertex of the Diameter C, will give in the 
Periphery of that Semicircle on E C, a Poin: 
* thro which the Interſecting Circle required ſhould 
pals. 24 
And thus are Cubick and Biquadratick Equati- 
ons conſtructed, having all their Terms. Bur ſuch 
as Want the ſecond, third, or any other I erm or 
Terms, may be as well conſtructed this way, on- 
ly by leaving out of the Central Rule, that Part 
of ir which belongs ro ſuch wanting Terms, and 
going on As is above ſnew d with the reſt. 

If you would ſee how the Central Rule is In- 
veſtigated in the laſt Term of a Biquadratick, (as 
well as here in a Cubick) according to Bakers 
Method. 

Suppoſe QC as before = a. Then if ? inthe 
Figure be taken for one of the real Roots of a Bi- 
quadratick, a regular Equation will be produce 
in this Form. 


2% br. 22541 —8 


2 247% 44 77. 2pab; 
_ 
281. 


Compare 


__ 
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Compare this, as is above ſhew'd, with any 
perfect Biquadratick in the Common Form: As 
ſuppoſe, Z*, m. 47 . . SS o. Firſt, 
make QC = + m; which is equal every where 
104 in the other Equation, and putting therefore 
half m inſtead of a, that will ſtand thus. 


2 ＋ n ＋— 1 f — 5m je 
$4: * 8 
—2pbiz+2pbd; | 
I S EEY J 


The ſecond Term being expreſsd by QC, go 
on to compare the third Term in each, ſo you 
m M | 
will have == — 2pb+pp= q Wherefore, 
3 56 
m m 


ppt — - 2 25 h. And conſequently di- 


4 
| 3 7 
viding all by 2 p — + —= — —=b= CD, 
| 2 8 p 2p 
which is the firſt part of the Central Rule. 
And ſince —pmb+2pbd= r, therefore 
p mm 9 
pmb+r=2p bd Bub=—+——=: 
2 87 2p 
Vherefore ſubſtituting this inſtead of b in the laſt 
m mmm m 
Equation ; it will be + — + 


'=2phe: And conſequently dividing al by 2 pb, 
2 Ir 


* 
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m m m 4q 

4 16 171 
d = DE; which is br 1. 
Central Rule in a Compleat Biquadratich. 

Thar Excellent Mathematician Capt. Edmund 
Halley, in his Philoſophical Tranſactions, N. 188. 
hath a peculiar Diſſertation on this Subject : 0 
the Conſtruttion of Solid Problems; or, Of Equati- 
ons cf the third or fourth Power, In which he not 
only gives the Reaſon and Foundation of Mr. B- 
ker's Rule, gets rid of the Intricate Cautions ci 
Baker, in reference to the Signs, &c. but he gives 
alſo a new Conftruction of thoſe Equations which 
is very caſe, and ſhort: And which therefore! 
ſhall now annex ro what hath been already 
done. 

Let any Cabick or Biquadratick Equation, ha- 
ving all its Terms, be given to be conſtructed in 
one of theſe Forms, Z*, r. apt. 444 0. 
or Z“. bz N. 4p. 22 p. 8. 1 o. 10 
which it will be capable of being reduced. Then 
deſcribe a Parabola, as NA M, whole Parameter 
or Latus Rum let be a: Its Vertex A, and its 
Axis AB C. Then apply at Right- angles to the 
Axis BD= + b, the ſecond Term in the Equa- 
tion; and thro D draw DH Parallel to the Axis, 
and let it be placed on the Left-hand, if b have a 
Negative Sign; but on the Right-hand if it be 
＋ B. In the Line A B continued downwards to- 
wards B, take BK = : and then drau the In- 
finite Line FK D, take K C = 2 Ag, always 
downwards from K; and if the Quantity p have 
a Negative Sign, take alſo the ſame way CE 
o; bur on the contrary, take it upwards 55 
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be + p ; then at the Point E thus found (or from 
the Point C, if q. be 4 there be erected 
E E, perpendicular to the Axis, which ſhall cur 
the Line D K, when producd in the Point F. 
Which Point F, if che Quantity 4 be wanting, 
ſhall be the Centre of the Circle required; but if 
be in the Equation, and have a Negative Sign, 
then fer towards the Right-hand FG = + q ; but 
if q have a Pokitive Sign, F & muſt be ſer on the 
Lefi-hand of F, on E F produced that way. So 
ſhall G be the Centre of the Circle required, and 
GD irs Radius, if che Equation: be a Click. Bur 
fir be a Biquadratick, then the Square of C D 


muſt 
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muſt be augmented if it be — , or diminiſhed if 
it be + 7 by the Addition or Subtraction of the 
Rectangle under and the Parameter (which is 
very eaſie, as hath been before ſhew'd, to effect 
Gcomettically.) Then a Circle deſcribed with 
the Radius thus encreaſed, ſhall Interſect the Pa- 
rabola in as many Points as the Equation hath 
real Roots; and Perpendiculars from thoſe Points 
let fall ro the Diameter D H, ſhall be thoſe rea] 
Roots in the Equation propoſed : Whercof the 
Affirmative ones M L will be on the Right-hand, 
and the Negative ones, N O, on the Left. 

And much after the ſame manner doth he ſhew 
us how to conſtruct Cubick Equations, (having all 
their Terms) according to Schooten's Rule, where- 
by the Roots are reterd to the Axis. And becauſe 
Schocten neither gives the Invention nor Demon- 
ſtration of this Rule, Mr. Halle; ſhews its Origi- 
nal to be this: Thar every Cubic Equation, ha- 
ving all its Jerms, may be reduced ro a Biqur- 
dratick (where the ſecond Term is wanting) by 
mulriplying ſuch Cubick Equrtion by 1 — b = o, 
if it be +6, or Z+-b = o, if it be — b. Which 
new produced Equation ſhall have the ſame Roots 
as the Cubick had, and allo one more equal to 


b, according as the Sign of b was in the Equa- 
tion. As for Inſtance, Let this Equation Z3 — 
zrb4Þapy—aaq=0o, be propoſed to be 
conſtructed. | 

This Multiplied by ⁊ + b (becauſe b hath a Ne- 
gative Sign) makes Z. - 7 btapyty tangi 
= 2 — 27 bb aptb+aa q b, which Equa- 
tion, when conſidered, will want its ſecond Term, 
becauſe — Z and + Z?b, do deſtroy one ano. 
ther, So it will ſtand thus. = 


— ——ʒ— — 

— — 443 = = I — — — 25m 
2 -= — — — 2 ——— - as + —— 
— ” 2 
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Z\%+apiitaagt 
—bbeztz+Sabeyptaagl—O. 


Where the N le - the third Term, v7, 
— bb+ ap, do give — — + £ p, to be taken 
28: - 
inſtead of 1, or CD, in Des Cartes Conſtructi- 
on: And the Coefficients of the fourth Term, 
bp 
anqgt+abpgive:q+— to be taken inſtead 
2 4 
of * 4or D E, by which means the Center of the 
Circle is derermined ; and becauſe one. of the 
Roots of the New Equation, r. + , or — b is 
given, the Radius of the Circic, or Point in the 
Circumference will be known alſo. A Circle 
then being thus deſcribed, and Perpendiculars be- 
ing let fall to the Axis from its Interſection with 
the Curve of the Parabola, they ſhall be the true 
Robts required, the Negative ones on the Leſt- 
hand, and Afirmarive ones on the Right. 

And the Centre of the Circle required is 
found by this eafie Conſtruction; which is much 
the beſt for Cubicks. A Parabela as A M D being 
deſcribed, whole Vertex is A, and Axis AH: Ar 
the Perpendicular diſtance of V, the ſecond Term 
in the above mentioned Cubick Equation, draw 
K D Parallel to the Axis, and cuiting the Parabo- 
la in D, on the Right-hand if ir be + 6, bur on 
Left it be — b. Then on A and D, as on two 
Centres, deſcribe with the fame opening of the 


Compaſſes, two Pairs of obſcure Arks crofling 
each 
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each other, as you ſee in the following Figure 
and thro which is to be drawn the Infinite Line 
B C ar Right-angles with the ſuppoſed Line AD 
and cutting the Axis in the Point E. Then { 
(downward from E if it be — p, but upward u. 
wards A if it be +p) E F = p. And from 
lor from E if p be wanting) erect the Perpendicy. 

lar Line F G, cutting the Infinite one B G in the 
Point G. Laſtly, Produce G H= + q (toward 
the Right-hand if it be — 9, but towards the 
Lefr-hand, if it be + q) and then ſhall H be the 
Centre of the Circle required, and H D the Ra- 
dius. Which Circle ſhall Interſect the Parabo!: 
in the Points M and D, whence Perpendiculars le: 
fall to the Axis, ſhall be the true Roots: And both 
Affirmarive, becauſe on the Right-fide. The De- 
monſtration and Reaſon of which, is evident from 


what hath been above deliver d. 
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The Learned Mr. Halley in Philoſ. Tranſactiont, 
N. 190, hath an excellent Diſcourſe of rhe Num- 
ber of Poſſible Roots in a Solid, or Biquadraticł 
Equation 3 and alſo of their Limits: Where he 
ſuews, from the Principles of the above writren 
Method of Conſtructions, That ſince a Circle 
interſecting a Parabola muſt do it, either in two 
Points or four: Therefore in Biquadraticł Equati- 
ons, there will be either two or four real Roots, 
Affirmative or Negative. And that if it happens 
that the Circle touch the Parabola only in any 
Point, and do not cut it: Tis then an Indicariog 
of the Equality of two Roots having the ſame 
Sign. 

Bur in Cubicks of all ſorts, and however Adfe- 
fed, there is either but one, or elſe three Poſſible 
* ſuppoſing you allow Negative ones as 
uch. 

In Biquadratichs, if the laſt Term 7 have a 
Negative Sign, there are always either rwo or 
four Roots. But if it be «+ 7, and alſo that 


* 607—. r, (Cee the laſt Figure ſave one) 
be ſo ſmall that the Circle deſcribed with that Ra- 
dius on the Centre G, cannot touch or cut the 
Parabola in any Point: I hen is that Equation ut- 
terly Impoſſible; and is Explicable by no poiſible 
Root, either Affirmative or Negative. By what 
means he attains to the knowledge of theſe Rules 
and Limitations, the Reader may find there at 
large, where he fully Illuſtrates all things with 
proper Examples. | 
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SURD ROOTS 


| HEN any Number or Quantity hath its 
Root propofed to be Extracted, and yet 

is not a true Figurate Number of that 

Kind: That is, if its Square Root being demand- 
ed, it is nota erue Square : If its Cube Root be- 
ing equir d, it ſelf be not a true Cube, &c. then 


tis impoſſible to aflign, either in whole Numbers 


or Fractions, any exact Root of ſuch Number 
propoſed. And whenever this happens, tis uſual 
in Mathematichs, to mark the required Roots of 
ſuch Numbers or Quantities, by prefixing before 
it the proper Mark of Radicallity, which is : 
Thus „/: 2, tignifies che Square Roor of 2, and 


3 N 
\/ : 16, or /: (3) 16, fignifies the Cubick Ret 
of 16: Which Roots, becauſe they are impoſſible 
to be expreſſed in Numbers exactly (for no effa- 


ble Number, either Integer or Fraction Mulripli- 


ed into it ſelf can never produce 2 ; or being Mul- 


tiplied Cubically, can ever produce 16) are ver} 


properly call d Surd Roots. 

here is al ſo another way of Notation now much 
in uſe, whereby Roots are expreſſed, without the 
Radical Sign, by their Indexes: Thus, as æ& „ 2 


as, 
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Of Surd Roots. 11 5 
x, ſigniſie the Square, Cube and 5th Power of x; 
1 I 


ſo x?” x3? x7, Sc. ſignifie the Square Root, 
Cube Root, Sc. of x. The Reaſon of which is 
plain enough, for ſince /: x is a Geometrical 
mean Proportional between 1 and x. So half is 
an Arithmetical mean Proportional o and 1, and 
therefore as 2 is the Index of the Square of x, 
half will be the proper Index of its Square Roor, 


Sc. 

Obſerve alſo, that for Convenience or Brevity 
ſake, Quantities or Numbers which are not Surds, 
are often expreſſed in the Form of Surd Roots: 


Z 
Thus, v : 4, * . & 27, &c. ſignifie 2, 2. 


3, Ic. 

But altho theſe Surd Roots (when truly ſuch) are 
inexpreſſible in Numbers, they are yet capable of 
Arithmetical Operations (ſuch as Addition, Sub- 
traction, Multiplication, Divifion, &c. which how 
readily to perform, the Algebraiſt oughr not to be 
Ignorant. 

Surds are either Simple, which are expteffed by 
one ſingle Term; or elle Compound, which are 
formed by the Addition or Subtraction of Simple 
Surds: As /: 3 ＋ : 2: „5 — 2, or 
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The Arithmetick of Suras conſiſts of ty; 
principal Parts. 


© 
I. To reduce Rational Quantities to the Form of a 
Surd Roots aſſigned, 


Which is perform'd by Involving the Rational 
Quantity according to the Indes of the Power of 
the Surd, and then prcfixing before it the Radi- 
cal Sign of the Surd prot Ged. 

Thus to reduce a = 10 to the Form of / : 15, 
= V: b, you muſt Square a = 10 ; and pretix- 
ing the Sign, it will ſtand thus, / :aa—/ : 100, 
which is in the Form of the Surd deſired. $0 
allo if 3 were to be brought to the Form of 

4 


\/ : 12, you muſt raiſe 3 up to its fourth Power, 
and then prefixing the Note of Radicality to it, it 


" "BS A 
will be * 81, or 814, which is in the ſame 


4 
Form with \/ : 12. 
And this way may a Simple Surd Fraction, 


whoſe Radical Sign refers only to one of its 
Terms, be changed into another, which ſhall re- 
{ſpect both Numerator and Denominator. Thus, 
3 2 7125 
js reduced to y/ : — and 3 , to V. 
25 724 4 
where the Radical Sign affects both Numerator 
and Denominator alike. 


II. Ts 
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II. To Reduce Simple Surds, having different Rædi- 
cal Signs (which are called Heterngeneal Surde;) 
to others that may have one common R:dical Sign, 
or which are Homegeneal. 


Divide the Index of the Powers of the 5255 by 
their greateſt common Divitor, and ter che Q- 
tients under the Dividends ; then Multipiy rhoſe 
Indexes croſs-ways by each others Quocients, and 
before the Products ſer, rhe common aden Sign 
„: with its proper Index: Then Involve rhe 
Powers of the given Roots Alternately, according 
to the Index of each others Quotient, and bet ure 
thoſe Products prefix the common Radical Sign 
before found. 


To Reduce * Ga à and * :b b. 


2 91244 2 7 50 


| I 2 
4 
Yau 5 
To Reduce /: 5 and \/ 2 
9 1.2 


V :23 


2 


V 2401. 


III. To 
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III. To Reduce Surds to their loweſt Terms poſſible 


Divide the Surd by the greateſt Square, Cube, 
Biquadrate, Sc. or any other higher Power, 
which you can diſcover is contained in it, and wil 
Meaſure it without any Remainder, and then 
prefix the Root of that Power before the Quoti- 
ent, or Surd ſo divided, and this will produce a 
new Surd of the ſame value with the former, but 
in more ſimple Terms. Thus, /: 16 24 b, by 
dividing by 16 2 4 and prefixing the Root 4 4, 
wil! |» duccd to this gay : band /: 12 wil 


be deprefsd ro 2%: 3. Alſo Vr: e Þ 7, will be 


brought town ro 7 :c r. And this Reduction 
is of great 1ie whenever it can be perform'd : But 
if no ſuck juarc, Cube, Biquadrare, c. can be 
found for a Diviſor; then you muſt find out all the 
Diviſors of the Power of the Surd propos'd ; and 
then ſee whether any of them be a Square, Cube, 
Sc. or inch a Power as the Radical Sign denotes; 
and if any ſuch can be found, let that be uſed in 
the ſame manner as is above ſaid, to free the Surd 
Quantity in part from thc Radica! Sign. Thus, 
If /: 288 be propos d; among its Diviſors will 
be found the Squares 4, 9, 16, 36, and 144, by 
Which if 288 be divided, there will ariſe the 
Quotients 72, 32, 18, 8 and 2, wherefore in- 
ftead of /: 288, you may put 2 : 72, or 3 
: 32, or 4%: 18, or 6/8, or laſtly, 12 / 2, 
and the fame may be done in Species. 


. 7 


- 


Of Sard Roots. 119 


IV. To find whether two Surd Roots given are Com- 


menſurable or not. 


Thoſe are called Commerſurable Surds, which 
are to one another as Number to Number, as one 
Rational Quantity to another; or which are, when 
reduced to their leaſt Terms, true Figurate Quan- 
tities of cheir own kind. 

To diſcover therefore, wherher rhey ate ſuch 
or not; If the Surds are of different xdds (or He- 
rerogeneal Surds as ſome call them) they muſt firſt 
be reduced to one kind, and then divided ſeveral- 
ly by their greateſt common Meare, for if then 
there will come our Rattoral Quorients, the firſt 
Surds are Commenſural le; but if the Quotients are 
Irrational, or Surd Numbers or Quanrities, then 
the e Surds are Incommenſurabie, 

To examine whether : 12, and /: 3, 
— mmenſvrable Surds > They being Homo- 
geneal, I divide them leverally by their greateſt 
Common De, which is : 3; and the Quo- 
tients are /: 4, and 11. that is, 1 and: . 
Wherefore, fince 2 and 1, ate Ration ivnm- 
bers, I ſay that /: 12 and /: 3, are Commen- 
ſurable Surds; or are to one another, as 20 1. 
which 1s very plais.; for no doubt 12: 3: :as 421, 
and tis plain, that as Squares are to one anuther, 
ſo are their Roots: Wherefore 12: 3, as /: 12, 
„3, that is, as /: 4, : 1, or as 2tor. 

Whenever two 5urds are divided by one com- 
mon D: viſor, (cho not the greateſt) if their Quo- 
tents come our Rational, or are to one another as 
Number to Number, thoſe Surds are certainly 
Commenſurable. 


If 
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If Fractional Surds were given, not having: 
common Denominator, they muſt firſt be reduce; 
to their ſmalleſt common Denominator, and then 
if their Numerators are commenſurable, you may 
conciude the firſt Surd Fractions were ſo. 

But if either the Numerators or Denominator, 
of rwo Surds proper Fractions, or mixt Number; 
in the Form of Fractions (neglecting the Radical 
Sign) be Powers of that kind which the Radical 
Sign expreſſes, then they will need no Reduction: 
For if their Numerators or Denominators ate 
Commenſurable, the whole Surd Fractions pro- 
poſed ate certainly ſo. Thus, If it were enquired, 


Whether /: = and y/ 1 — are Commenſura— 
Surds ; becauſe 16 and 25 are Squares, or ſuch 
Powers as the Radical Sign expreſſes or Denotes, 
omitting the Sign /: you need only compare the 
Numerators /: 50, and /: 72 which being di- 
vided by their greateſt c&mmon Diviſor „ 2, the 
Quotiems will be 5 and 6 (i. e. „: 25 andy : 36.) 
Wherefore the given Surds are Commenlurable, 


5 6 
and are to one another, as to 5 and conſe- 


quently, by the precedent Rule, may be exprel- 
5 6 
nad: 2: 
4 5 


For an Inſtance in Species: Suppoſe that 1 
were enquired whether : 27 4 a, and : 12 44 
were Commenſurable Surds ? Divide each by the 
greateſt common Diviſor, /: 34 4: And the 
Quorients y/ :9 and /: 4; that is, 3 and 2, are 
Ra:ional Numbers; and conlequently, the pro- 
poled Surds are Commerturable, 

' Multiplicatic! 


Multiplication of Simple Surd Roots. 


F the Surds propoſed, be of the ſame kind, Mul- 
tiply them one by another, and prefix the com- 
mon Radical Sign to the Product; but if the Surds 
are Heterogeneal, or of different kinds, they muſt 
be reduced firſt, (according to Rule 2.) to Surds 
having the ſame Radical Sign. 


Thus ro Multiply /: 7 by /: 8, the Product 
will be /: 56. s 


For fince in all Multiplication, as 1 is to one 
Factor, ſo is the other to the Product ; therefore 
here /: 1: /:7 :: /: 8: /: 56. Where- 
fore 1 : :: 8: 56, that is, 56 is rhe true Square 
of /: 56, and /: 56, the true Root of 7 x 8 


= 36. 


3 
I. If /: 8 were to be Multiplied into /: 4, be- 
cauſe they are not Homogeneal Surds, they muſt 
be reduced to ſuch by Rule 2, and then they will 


ſtand thus ; 


6 
Wa V : 512 \/ : 16, which being Mul- 
plied into each other, and the common Radical 


6 
Len prefix d, will make * : $192 : And thus the 
V: 27 Multiplied by /: 9, when reduced, and 
* 6 
"ghtly multiplied, produces V4 521441 | 


( 121 ) 


Other Examples. 


6 


R II. Whes 


122 Maltiplication of Simple Surd Rog, 


II. When a Surd is to be Multiplied by a Nu. 
tional Quantity, that Rational Quantity ought rg 
to be reduced to a Surd of like Nature with the 
true Surd. But tis oftentimes convenient only 
connect them together, by prefixing the Rational 
Quantity to the Left-hand of the Surd. As ſup- 
poſe /: 27 were to be Multiplied by 6, the Pro. 
duct may commodiouſly be expreſſed thus, 6%: 


4 
27, and ſo if V : 9 were to be Multiplted by ic, 
4 
it will ſtand thus, 10 * 19. 


III. And when two Rational Quantities are 
thus prefix d to two Surds of the ſame kind, you 
may find the Product of them by Multiplying the 
Rational Part by the Rational, and the Surd pan 
by the Surd, then thoſe joined together will be the 


3 
Product required, Thus 6 * : 7 Multiplied by 
1 
5 * :3Produces 30 . | 


IV. If any Surd Root be to be Multiplied into 
it ſelf or Involved, according to the Index of its 
proper Power, you need only caſt away the Ra. 
dical Sign, and then the Quantity or Number re- 
maining is always the Square, Cube, or other 
Power _— and will always be Rational, 
Thus the Square of /: 11 is 11. The Cube cf 

3 


V : 30, is 30; alſo 2 /: 3 Multiplied by 
we, : 3 = 48, and 3 /: 5, Myjriplicd by 
2925 


= 26 


V. Agd 


Muttiplication of Simple Surd Roots. 128 


v. And if the Index of the Power be any even 
compound Number greater than two, and tis re- 
quired to ſquare ſuch a Surd : There need only a 
Radical Sign, whoſe Index is half the former, be 
prefix d ro the Quantity, inſtead of the former 
Compound one, and it is done. V. gr. Suppoſe 

4 | 


you would Square this Surd, * : 12 3 becauſe 
the Ind ex 4 is compounded of 2 and 2; /: 12 is 
the true Product, or the true Square of the Surd 


45 & 
Root V: 12, ſo alſo the Square of /: 19, is 
3 5 a 


V 10. 


But when a Simple Surd Quantity, whoſe Ra- 
dical Sign hath for its Index ſome Ternary Num- 
ber greater than 3, as 6, 9, Se. And tis requi- 
red to Involve this Surd Cubically. Then only 
prefix before the Quantity a Radical Sign with an 
Index, which is one third of the former, and tis 


6 
done. Thus, If /: 64 were to be Cubed, it 
3 


9 | 
will be /: 64, and the Cube of /: 512, is /: 
512, Sc. alſo the Biquadrare of /: 5, is 25 (as 
being the Square of the Square of /: 5.) And the 


6 | 
Cube of /: 81 will /: 81 or 9. 


In the general, ro Square, Cube, &c. any Surd 
Root, is only to Square or Cube the Power, re- 
taining the ſame Note of Radicality; but tis better 
where it can be done, to take one half, one third 
part, Cc. of the Exponent of the Root, as is above 
ſewn in the laſt particular Rules. (On the con- 


R 2 | tracy, 
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trary, If you would extract the Square, Cube, or 


other Roor of any Surd, you muſt double or tr. 
ple, c. the Exponent of the Radicaliry, Thus 
4 


the Square Root of /: 16, is /: 16, the Square 
3 6 
Root of /: 27, is /: 27, Gs. 


—_—_  ——— 
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Diviſion of Simple Surd Roots. 


I. IF the Surds are Similar, Homogeneal, or of the 

ſame kind, divide one Number or Quantity 

by another, and prefix the common Radical Sign 

to the Quotient: Bur if they are Heterogeneal, or 

not of the ſame kind, they muſt be reduced before 

they can be divided. Thus, /: 9.) : 576 
4 4 4 


(v/ :64=8. And /: 5 (/ 35 (v: 7. 


The Demonſtration of which General Rule is 
the ſame as that in Multiplication; for from the 
Nature of Diviſion, the Diviſor is to Unity :: as 
the Dividend to the Quotient. Therefore in our 
firſt Inſtance, /: : Y: 1: :: 576: / 64, 
but as theſe Roots are, ſo will their Squares be : 
Thar is, 9 :1 ::576 : 64, and that theſe Num- 
bers are truly Proportional, is apparent; becaulc 
the Rectangles of the Extreams and Means are 
equal. Wherefore, /: 9, /: 1:: /: 576, y : 64: 
and conſequently 64 is the true Quotient. 


IL It 


> Qs 22 — — | TY AA co _—_ ll. 


— m CF — — YC — aA. a & Þ — wy % 8 muy pry SY wa —— Ss G0 WP." 


* 


Diviſion of Simple Sards. 125 


II. If any Rational Quantity be to be divided 
by its Square Root, the Square Root will be the 
Quotient: For if 4 h be divided by /: 4 b, the 
Quotient muſt be /, ab: And if 30 be divided 
by 4/ : 30, the Quotient will alſo be /: 50. Alſo 
if any Rational Quantity be ro be divided by a 
Surd, that Rational Quantity muſt firſt be redu- 
ced to the Form of a Surd by Rule 1. 


III. When a Surd Root having a Rational 
Quantity prefix d before it, is to be divided by 
the Surd Part of it, the Quotient will be the Ra- 
tional Quantity. Thus, If 5 /: 9, be to be di- 
vided by /: 9, the Quotient muſt be 5: As if 
54 : 9 had been divided by 5, the Quotient 
would be /: 9. | 


IV. When the Dividend and Diviſor are the 
products of rwo Rational Quantities Mulriplied 
ſererally into one common Sura ; or when they 
are Rational Quantities prefix d before one Com- 
mon Surd ; tlien divide the Rational part of the 
Dividend, by the Rational part of the Diviſor; 
and what reſults is the true Quotient. Thus, If 
8% 5 be divided by 2 /: 5, the Quotient will 

3 3 


be 4, and if 3 /: 7 be divided by 4 /: 7, the 
Quotient will be only 2. 


V. Bur when the Dividend and Diviſor are two 
Rational Quantities or Numbers preſix d ro two 
unequal Surds ; then you muſt divide, nor only 
as before, the Rational Part of the Dividend by 
ler of the Diviſor, bur alſo the Surd part; and 

thoſe 
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thoſe two Quorients connected together, ſo as the 
Rational part ſtand on the Left- hand. are the true 
Quotient ſought. Thus, If 4 /: 15 were to be 


divided by 2 /: 5, the Quotient will be 2 /: 
(SY: 12) and if 4%: 12, were to be divided 


by 3 /: 2, the Quotient will be / 26. 


—_ oo A@l/'1T3c 


Addition and Subtraction of Sud 
Roots. 


L When two or more Simple and Equal Surds 

are to be Added, Multiply one of them 
by the Number of them all, and the Product is the 
Sum required. Thus the Sum of /: 5, and /:5 
is the /: 20 ; becauſe /: 5 Multiplied by 2, the 
Number of the Surds, that is by 4/ : 4, gives Y: 


20 to their Sum. Alſo the Sum of y/ : 7 + 7 
1 

+ 4/ / becauſe the Surds are 3 in Number, is 

3 Z 

* : 189 ; becauſe /: 7 Multiplied by 3 (i. e.) the 

J of 27 makes „: 189, 

II. But if Unequa/ Simple Surds of the ſame 
kind are to be added together, or if one be to be 
Subtracted from the other, you muſt firſt try whe- 
ther they are Commenſurable ; and if they be, 


that is, if when they have been divided by their 
| greateſt 


Add V. Cel, 

V or 2.6. 
o Viz» WN. g V. 3 0 
V. 74 
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greateſt common Diviſor, their Quotients are Ra- 
tonal Quantities, then you muſt Multiply the 
Sum of thoſe Rational Quantities by the ſaid 
common Diviſor, and the Product will be the 
dum of the Surds propoſed : Or if the Difference 
of thoſe Rational Quotients be Multiplied by the 
Common Diviſor, then the Product will be the 
Difference of the given Surds, when the leſs is ta- 
ken from the greater. 

Thus if the Sum or Difference of theſe two Surds 
y: 50 and Y: 8, were required; becauſe they are 
unequal, I try firſt, whether they are Commenſura- 
ble, or not, by Dividing each by the greateſt com- 
mon Diviſor /: 2: And the Quotients are /: 25 
and /: 4, that is, 5 and 2, which are Rational 
Numbers ; and therefore the Surds are Commen- 
ſurable : Then their Sum 7, or their Difference 3, 
Multiplied by the common Diviſor /: 2, produ- 
ces 7 /: 2 for the Sum, and 3 /: 2 for the Dif- 
ference of the Surds required, 


III. If the Commenſurable Surds propoſed, had 
been Fractions, or Mixt Numbers reduced to the 
Form of Fractions; they muſt (if they have not 
one) be reduced to a common Denominator in the 
leaſt Terms; and then to find out the Rational 
Quotients, you need only Divide the two New 
Numerators by their greateſt common Divi- 
ſor; and then you muſt go on as above, in Inte- 
gral Surds. 


Thus if che Sym and Difference of /: 75 and 


: 
* > were required : When redpced to a com- 
mon 
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5 and theſe Divided by their greateſt common 


mon Denominator, they will be /: — and * 


"BP 2 36 . 
Diviſor /: , the Quotes are /: — and: 
* 75 Q * 75 77 75 

2 2 
« — and : , Whol is : 
or 6 4/ = 5 v 157 Whoſe Sum is \/ : 11 

2 : TIO. | 
and their Difference 1: —. 
os erence 1 o :, 


IV. If the Simple Surds given to be Added or 
Subrracted are Incommenſurable, then they can on- 
ly (generally ſpeaking) be Added or Subtracted 
by rhe Signs + and — : For neither Sum nor 
Difference can be expreſs d by any Single Root. 
And from this Addition and Subtraction of Sim- 
ple Surds only by the Signs, ariſes what they call 
a Sund Binomial or Reſidual Root. Thus, y : 6 
V:, is a Binomial Surd, and /: J—: 615 
a Reſidual Surd. 


Bur from Prop. 4 and 7 of Eneclid's ſecond Bock, 
chere ariſes a Rule which helps us to find the Sum 
or Difference of Incommenſurable Square Roots : 


Which Rule is thus. 


To or frem the Sum of the Squares of the given 
Surd Roots, Add or Subtratt their double Rectangle, 
and the Square Reet of the Sum or Remainder, 7 the 


Sum cr Difference ſought, 


E. 3 


2 
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E. gr. To find the Sum and Difference of V: 14 
and J: 12, their Squares being 14 and 12, their 
Sum will be 26, and the Double Rectangle of Y: 14 
into /: 12, is 2 /: 168. £ 

Wherefore * 26 C2 / : 168, is the 

Sum f 

. — 


—— 


—__ 


Of Compound Surds. 


THE Arithmerick of Compound Surds depends 
on the Rules above given abour Simple Surds, 
and on the true knowledge of the Signs and + 
and — in Algebraick Addition, Subtraction, Mul- 
tiplication and Diviſion ; only ſome particular 
Directions may be given as ro Binomials and Re- 
ſiduals: As, 


I. If any Binomial be to be Multiplied by its 
correſponding Reſidual, the Difference of their 
Squares is the true Product; and therefore will 


—ä— —ũ— —y— —y„—t— 


come out a Rational Quantity, as if : a+ e, 


be Multiplied by y/ : — e, the Product will be 
a Rational Quantity, viz, 442 — e e. 


II. Involution in Binomials and Refiduals, is 
beſt and moſt eaſily performed by a Table of 
Powers : As becauſe we ſee that aa K-22 
te QOa+e, We mayconclude that to Square 

Fx J any 
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any Binomial whatſoever ; you need only add the 
double Rectangle of the Parts ro the Sum of the 
Squares of thote Parts; or take the double Req. 
angle from that Sum, if it be a Reſidual. 


III. For Diviſion in Compound Surds, tis conve- 
nient, if not neceſſary, to reduce them firſt to 
ſome better, and when it can be done, to a Rati- 
onal Form. And 


(r.) If a Binomial conſiſting of two Simple 
Square Roots, or of one Square Roor and Ratic- 
nal Quantity, be Multiplied by its correſponding 
Reſidual, the Product will always be a Rational 


Quanrity. | 


(2.) If a Binomial conſiſting of two Biquadra- 
tick Simple Roots, or of one ſuch, and a Ratio. 
nal Quantity ; if this be * by its cor- 
reſponding Reſidual, the Product will be a Reſi- 
dual conſiſting of either two Square Roots, or elſe 
of one Square Root a Rational Quantity, which 
Reſidual being Multiplied, as is before ſaid, by 
irs Binomial Produces a Rational Quantity, 


(3.) If a Trinomial having three Simple Square 
Roots, be Multiplied by it ſelf, with one of the 
Signs changed ; the Product will be either a Bi- 
nomial or Refidual, which being Muitiplied by 
its correſpondent Reſidual or Binomial, will give 
in the Product, a Quantity entirely Ratio- 
nal. 


IV. If a Binomial or Refidual, conſiſting of twe 
Simple Cubick or Biquadratiek Roots, Gc. or of 
| one 
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one Cubick or Biquadrarick Root, c. and a 
Rational Quantity is propoſed for a Diviſor; find 
ſo many continual Proportionals in the Proportion 
of the Parts of the Binomial or Reſidual propoſed, 
as there be Units in the Index of the Radical 
Sign, and ſuch whoſe Radical Sign may be the 
ſame with that of the Parts of the Binotnial or 
Reſidual; bur conjoyned in the Binomial by +, 
and in Proportionals by + and — alternately ; 
or contrarily, in the Proportionals by +, and in 
the Reſidual by + and ; the Product of the 
ſaid Proportionals ſo connexed Multiplied into the 
Binomial or Refidual, will be a Quantity entire- 
ly Rational. After the ſame manner may a Bino- 
mial. or Reſidual, having 5 or 6, c. for the In- 
dex of the common Radical Sign of the Roors, 
be reduced to a Quantity entirely Rational. 


And Note, That when the Roots are of different 
kinds they muſt firſt be reduced to a common 
Radical Sign, 


V. If the Diviſor be a Simple Quantity, Di- 
vide each part of the Dividend by the Diviſor, 
and connect thoſe particular Products together by 
their Signs; but if the Diviſor be a Binomial, 
Trinomial, or Quadrinomial, Sc. of ſuch kind 
as before is ſpecified, reduce that given Diviſor to 
a new Diviſor that may be a Simple Rational 
Quantity. Reduce alſo the given Dividend to a 
new Dividend, by Multiplying the former by the 
Quantities that were Multiplicators, in reducing 
the given Diviſor to a Rational Quantity; then 
Divide the new Dividend by the new Diviſor : 
But when the Diviſor cannot be reduced to a 

S 2 Simple 
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Simple Rational Quantity, ſer the Dividend a 


a Numerator, over the Diviſor as a Denomina. 
ror. 


Thus, 12 + 4/ : 63 Divided by 3, 0 Quoti- 
ent is 4 - /: 7; and 8 — /: 12 Divided by 2, 
the Quotient is 4 — /: 33 /: 21/415 
Divided by /: 3, the Quotient is T: 7 -: 5; 
: 56 +4 © 24 Divided by „/: 6, the Quotient 


s / 98 2: and J): FM; 14 Divided 
by V. 7, 9 2 . * 


O F 
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OF 
FLUXIONS 


THERE being nothing Publiſh'd on this Sub- 
. ject in our own Language, and yet the vaſt 
uſe of this Method of Inveſtigation, being as con- 
ſpicuous, as it is wonderful: I thought it proper 
to give a ſnort account of it here. 

By the Doctrine of Fluxions, then we are to un- 
derſtand the Arithmetick of the Infinitely ſmall In- 
crements or Decrements of Indeterminate or Va- 
riable Quantities, or as ſome call them the Mo- 
ments, or Infinitely ſmall Differences, of ſuch Va- 
riable Quantities. Theſe Infinitely ſmall Incre- 
ments or Decrements, our Incomparable Mr. Iſaac 
Newton calls very properly by this Name of Fluxi- 
ons : Far, as Indeterminate and Variable Quan- 
rities, viz. ſuchas inthe Generation of Curvilineal 
and other Figures, by Local Motion, are conti- 
nually Increaſing or Diminiſhing, he rightly De- 
nominates, Flowing Quantities ; as being ſuch as 
are perperually augmented or leſſen d by the Flux 
or Motion of a Line, Surface, &c. So he calls 
the Celerity or Velocity of the Augmentarion or Di- 
minution of theſe Flowing Quantities, by the Name 
of Fluxions, And hecans all Figures may be con- 

ceived 
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ceived to be generated by Local Motion; as is 
now very commonly ſuppoſed among Geome. 
ters: Therefore tis much more Natural to con- 
ccive the Inſinitely ſmall Increments or Decre- 
ments of the Variable and Flowing Quantities, un- 
der the Notion of Fluxiont, than under that of 
Moments or Infinitely ſmall Differences; as Leil- 
nite, Niewentiit, and the Noble Author of Analyſe 
des Infiniment Petits chuſe rather ro rake them : 
Tho' even that way alſo is not without its Uſe in 
many Caſes. 


The Excellent Mr. Newton ſuppoſes the Abſciſſ 
of a Curve, or any other Flowing or Variable 
Quantity to be uniformly augmented, and there. 
fore for its Fluxion he puts 1, or Unity. And the 
other Flowing Quantities he denores uſually by 
the Letters v, x, y, x, and expreſles their Fluxi- 
ons by only repeating the ſame Lerrers with Points 


or Pricks over thelr Heads ; thus, », x, 5 N. 
Which are the Fluxions of rhe former Flowing 
Quantities. And this Method is much more na- 
tural and ſhorter than Niewentiit s, or the French 
one with the Differential d Multiplied into the 
Flowing Quantity, to denote the Fluxion. 

And becauſe theſe Fluxions themſelves are allo 
Indeterminate and Variable Quantities, and do 
continually Increaſe or Decreaſe, or grow greater 
or leſſer. Therefore he conſiders rhe Velocities 
with which they do ſo Increaſe or Diminiſh, as 
the Fluxions of the former Fluxions : And thoſe 
may be called Second Fluxions, and are nored with 


do Points ever them, thus; 7, &, 2. And if you 
g0 on again, and conſider the perpetual Augmen- 


dation or Diminution of theſe, as their Flux1ons 
allo, 
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allo, you may make third, fourth, or fifth Fluxi- 


ms, Kc. which wil be noted thus; 7, x, x ; 


55 X, T. 3 7, x, N. And ſo on ad Infinitum. If 
the Flowing Quantity be a Surd or a Fraction, 
he thus expreſſes its Fluxion: Let the Surd be 


Fi, irs Fluxion is V7: And the 


burton of the Fraftion 57> — See Dr. 


Mallus Latin Edit. Pag. 392. 


The main Buſineſs of the Agerithun, or Arith- 
metich Fluxion s, conſiſts in theſe two Things. 


I. From the Flowing Quantity given, to find 


Fluxion. 


II. From the Fluxion, to find the Flowing 
Quantity. 


As ro the former of theſe, the Learned Dr. 
Walls, in the place above mentioned, (from 
Mr. Newton's Papers) gives this General Rule. 


Let each Term of the Equation be Multiplied ſe- 
pdrately by the ſeveral Indexes of the Powers of all 
the Flowing Quantities contain d in that Term: And 
in every ſuch Multi plicasiom les one Roos or Letter of 
the Power be changed into. its proper Fluxion : So 
ſhall the Aggregate of all the Produtts connected toge- 
ther by their proper Signs, be the Fiuxion. of the 
Gquation defired. 3 

n 
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And all the Caſes of it are demonſtrated by 
Mr. 1/aac Newton in the Lemmata above deli ver- 
ed, which I ſhall exemplifie by particular In- 
ſtances. 2 


I. In the General, to expreſs the Fluxions of 
Simple Variable Quantities, as was ſaid before, 
you need only uſe the Letter or Letters which ex- 
preſs them, with a ſmall Point over their Heads, 


thus. The Fluxion of x is x, and the Fluxion of 
v is y, and the Fluxion of x + y + u + x, is 
x+y+v +2, &c. 


And (Inverſely) the Flowing Quantities in this 
caſe will be eafily had from the Fluxions, by on- 
ly writing the Letters without the Points over 
them. 


N. B. For the Fluxion of Permanent Quantities, 
when any ſuch are in the Equation, you muſs 
imagine © or 4 Cypher ; for ſuch Quantities 
can have ne Fluxions, properly ſpeaking, be- 

- cauſe they are without Motion, or Inua- 
riable. 


II. To find the Fluxions of the Products of two 
or more Variable or Flowing Quantities: Multi- 
ply the Fluxion of each N Quantity, by the 
Factors of the Products, or the Product of all the 
reſt, and connect the laſt Products by their pro- 
per Signs, the Sum, or Aggregate, # the Fluxion 


ſought, 
Thus 
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Thus the Fluxion of x » is x 5 +75, and the 
Bion of æy X is æ KL X T5 and 
the Fluxion of æ v x; is x XTX 5 X * 


* v and the Fluxion of a+ x x 
by b— (the common Product being a b+b # 


e will be bx —yJa— xy . 
Demonſtration of Rule 2. 


Suppoſe x y = to any Rectangle made or en- 
by a Perpetual Motion or Fluxions of ei- 
ther of the Fig æ or y, along the other, and let 


the Moments, or Fluxiens of the Sides, be x 


andy. By which we underſtand the Velocity 
hh which either Side moves to form the vect- 
angle, 


T Fre 


—— — — 
on _——_—_  - 
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be the Flowing Quantities ſought, Only if the 
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From the Sides fübdust the half Fluriom 6 
thoſe Sides, and it will ſtand thus; 4 — 0 


; > 
d 
. * 
Multiply theſe orte into ancthet; and the Pro. 
„ . 
2 a. 8 


Then to the Sides alld che half Metments, 6 
Fliiotis, and it will be thus: & ©, and > + 


- Which Multiplied alſo into ne another, will 


5 
produce x y + + 2 vc 


After which, Subtract the former Product 
from this laſt, and rhe Difference will be only 


x »y+x y, the Fluxion of x y, according to the 


Rule. 


The Inverſe of this Rule finds alſo (in this cale) 
the Flowing Quantity from the Fluxion, viz. It 
each Member of the Fluxion be divided by thc 
Fluxionary Quantity, or Letter, or by changing 
the Fluxionary Letter into that proper Flowing 


Quantity of which it is the Fluxion. For chen 


the Quotes connected by their proper Signs, will 


Letter 
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Letters be all exactly rhe ſame, the Flowing Quan- 


will, be 2 , hoſe | 
ury — 6h 1 hole parts are not to 


be connected t y 0 05 + and —, as 
in the firſt three Examples of this Rule. 


III. To find the Fluxion of any Fraction. Mul- 
riply the Fluxion of the Nummęrator by the Denomi na- 
ter, and we it place (with the Sign —) the Fla 


xion of the Denominator into the Numerator ; and 
Divide the whole by the Square of the Denominator. 


Thus the Fluxion of * 17 is — "PTY for ſup- 
poſe 5 = : Then willx x; which equal 
Quantities will have equal Fluxions; thereforę 
SNN and æ 2 , and divi- 


ding all by: E— y Al — 1 becauſe 2 *=1) 


: 2 e this laſt is the Fluxion of the 
Fraction - = 7 ; becauſe x being = ; ? T will 
will be equal to the Fluxion of And the Flu- 


xion of 2 will be —==; - for the Permanent 


— 4, having no Fluxion, there can be no 


Product of the Fluxion of the Numerator into the 
Denominator, as there would have been, had 4 


been x, x, or — other Variable Quantity. 
T 2 Alto 
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Alfo the Fluxion of = — wall be © - and the Flu. 


x a5 xX—Xxx 
4 T 24 XK 


7 x f 

xion of . 2 : will be „ or, 
x 4 

dint ax ; becauſe — x x and ++ 


deſtroy one another: Allo the Fluxion of 8 „ ot, 


1 — 1, Faak * | Here alſo the Reverſe of 
the Rule ſerves to tal the Flowing Quantity from 
the Fluxion ; as if the Flowing Quantity of this 


1 5 
Fraction were required Es . Firſt, Mul- 


tiply it by the Square of the Denominator, and it 
will be x y — x , from which take away — 4), 
which was placed after it, and it will be x y; omit 
the Point, and tis x , which becauſe y is the De- 


2 1 * 
nominator of a Fraction, will ar laſt be 5 


Before the Fluxions of any Power, whether Per- 
fect or Imperfect, can be found; the following 
way of Notation muſt be well underſtood. 


If a Serics of Gepmetrick Progrefl onals be in 
zhis Order, 


ba „. #7730 2% 4. 5, &c 


Th: 


O— . 


ä 
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Their Indexes, or Exponents, will be in Arith- 
metical Progreſſion, and ſtand thus. 


0. 1, . % „ „% 4 Yo 
But if they are Fractions ; 28, 


Then their Exponents will be Negative; and 
ſtand thus. | | 


. . 3. . . 


For if you ſuppoſe x = 2 : Then will 724 LA 


Or if you expreſs the Geometrical Series by means 
of the Exponents, it will ſtand thus, xi 2, &c. 
And if it were expreſſed thus x*; then it will be 
x? = 1, becauſe x is the Denominator of the Ra- 
tio, in which Unity is not affected. Thus alſo, 


I 
— and; = x3, And 1 , xx, 
x*=xx, &c. 


Alſo the Exponent of /: x will be r, becauſe 
as /: xis a Mean Proportional between 1 and x. 
So x is an Arithmetieal Mean between o and 1. 


And 
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2 
And the Exponent of V: æ will ve ; becaule 


3 | 
as V. a is the firſt of the two Mean Proportionals 
between 1 and x ;; ſo is the firſt of the two Arith- 
metical Means between o and 1. 


| 2 4 8 
For ſince 1 x. x x. x x x. are continually pro- 


portional ; therefore their Cubes, or any other 
Roots, will be alſo continually proportional. That 


is, V. (St.) V/ x V. VSA 
So alſo, 
1. 4x . K. . 4 


Wherefore the Roots of the Fifth Power of 
thoſe Quantities will be - 


Thar is, 


* <5 V/ \/ ©. V 2 (= x.) 


Alſo, for the ſame Reaſon, the Exponent of 
; | 
V. z*, will be ?. 
N. B. Always p. ace the Index of the Letter (o: 
Power) over chat of the Radical Sign. 


Thus 
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Thus in Fraftions: The Exponent of 2 will 


1 


te — 1, . of —— will 
7 V. 


N. B. /: « and z, or N.. Or, 


*. : x+, and of , are only two different ways 
of. Notation for one and the ſame. thing, the 
former is the old, che latter in the new Way. 


So likewiſe and * l are all one: And = is 
* 3, Ge. 

The way of reading or expreſſing Quantities fo 
denoted, is thus, x3 is hm divided by the 
Cube of x, and if it were 7 ; it muſt be read, 


Unity or - One, divided by the Cube. Root of rhe 
Seventh Power of x. 


Nete<4lſo, That the Sum. of any wo Exponent 
of two Numbers or Quantities, in Geome- 
trie Progreſſion, makes rhe\ Exponent Kade 
Product ef thoſe.rwo Terms. 


Thus æ or x*is the way of expreſſing the 


Product of x7 into x, andx i A. or x is 


the Product of a f into xc. 
F Alſo 


| 
| 
| 
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Alſo & yep or is the Product of x 
into it ſelf, or the Square of x. 


And the Difference berween the Exponents of 
any two Terms, is the Exponent of the Quotient 
ariſing by Diviſion of the greater by the leſs, 


Thus, W , or x* is the Exponent of the 
Quotient of x? by xt, &c. 


Let p repreſent the Exponent of N, any Num- 
ber ar pleaſure; and let p= 1. 


Then will N' N: N N, and N 
SN: Nf= N., Ge. 
Or, if p = 3; 
Then will N= N and NY !, Sc. 
And Negatively, 

NIN, and N N, G. 
Alſo, o is an Arithmetical Mean between a Po- 
ſitive and a Negative Quantity equally diſtant 
from it, (i. e.) —6: 0: 6, are Arithmetically pro- 
zonal: So is 1a Geometrical Mean between an 


Affirmative and Negative Power, at equal Diſtan- 
des from it. N 1 


Tha 


————— — 2 
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That is, NY: 1 7· N 


all by N”: p=N;," \ .,1 

And to add ſome Examples of Mulriplication 
and Diviſion in this way: Lie 
X N D == -N K- 
* i 

—1 1 x 
= x4 — 7, &c. 


And divided by = will ſtand in this 
& 5, f | FY . 


<7 (=x=1) x—{(=x—Y 


"jp t \ 
Notation thus, =} 7 
1 


— 4 — „ 
x —+=( 3 &c. 


— 


IV. This being well underſtood, there is this 

eneral Rule for the finding the Fluxion of any 
Power,, whether Perfect or Imperfect, vix. Mul- 
tiply the Power (firſt brought one Degree lower) by 
the Index of that firſt Power ; and then, tbar Pro- 
duct by the Fluxion of the Root. ode © 


U | Thus 
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Thus the Fluxion of x & will be 2 K d, for * 3 
=x X x, but the Fluxion of x x x = * 
=; XX, &c. and the Fluxion of x will be 3 xxx: 


That of a will be 8 x" x, &ct. or if m expreſs the 


Index of any Power, as ſuppoſe 1 1 its Flu- 


g ' js = 
5. een 1 Fr æ 


brought one degree lower (n being a e, In- 


dex) muſt be«õ : Then that Multiplied by n 
the Index, makes πr „ and this laſt by the 


Fluxion of the Root produces 7m x x. 


If the Power be produced from a Binomial, Ge. 
4s ſuppoſe * E243 + 2 its Fluxton will be 


2X x42 xy + 2x5 + 25 5, by. working ac- 
tee ro this fourth, and the ſecond Riles. 


11 che 3 be e Negative 5 as ER xi 
1 f ; ; . —1 
or n its Fluxion will be — ma x -m 3 0r 


£ * 


if you would do it by way of Fraction De TN 


(for the Sade c K 4 Wc 4 *) or, 


ö ES ro Mr. Neri s Way, which is yet ſhor- 


xm . See Caſey ;" Page 232 of his Prin- 
oi pia. a d N | 


| 
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Il. che Power be Woes: 1%. ir i Exponenr 


AJ 95597 


be a Fradtion, as fuppole'y/4 a - :0f DYE: 


cher Notation æ Let us ſuppoſe of = 1 Then 
if you raiſe up _ duke: ro the Powers of x 


ir will ſand thus x = 2 | The Fluxion of which» 


121 
will * IT ths ks Re, uma. 19 
* Me T 
1 
5 . Wherefore i. "will be = = EE 
4 SES Indes VO DAS © DEALS: 
{by dividing! boch parts by „N 9 Ard 
ee ee e 
mx r 0 . „ * 
1 1 72 N 
ne 


by putting inſtead * n 
So that to ſind the Fluxion * uy kind of * 


you muſt proceed thus, 


Multi ply the Power given by its Index or Expo- 
nent, and then that Product by the Fluxion of the 
Root of the Power given, and after this Subdut2 o. one 


or Unity from the Index of the Power. 
As for che Fluxions of Surd Quantities, My; 


Hayes gives you many Examples in his Trea- 
tile of Kluxions, lately publiſhed, which will 
make the thing plain to any one that will render 


himſelf ready at the Practice of this Art. See his 
Book, Prop. VII. pag. 14. my i 
U 2 Next 
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Next for the Rule Thver/ly, to find the Flow- 
ing Quantity belonging to the Fluxjon of any 
Power, whether Perfect or Impetfect ; proceed 
thus, 

L Take the Fluxionary Letter, or Lereers, out 
of the Equation. 

2 Augment the Index of the Fluxion by I, 

- of 

III. " Divide the Fluzion by the Index of its 

Power ſo increaſed by Unity. | 


Examples. 


If 3 x x x were propoſed : by raking away 2. 
it will be 3 x x; and by encreaſing its Index by 
Vnity, it will be 3 xxx. Then dividing it by it 3, 
1s now (augmented) Index, the Quotient will be 


x xx, the Flowing Quantity required. 
„ Again : 
— 1 


Suppoſe —- — 2 * a Fluxion propoſed : 
By taking away the Fluxionary x, it will be 


2 ad 3 


Gong x" : By augmenting the Index by Unity, 


* 
x" 


: And 
laſtly, by dividing the remaining 1 of the Flu- 


G. e.) taking away — 1, it will be 


xion by, „ prefixed to, or Mukiplied into x, the 


8 will be æ *: Which * the Flowing 
- Quantity ſought, | 5 
ou 
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You will find Examples enough of this Inverſe 
Method, viz. The Calcula$Integrals, or Summatory 
Arithmetick, in Mr. Hayes's Book of Fluxions, 
Sect. 4. | 2 
The deſigned brevity of this Tract will permit 
me to give you only two Uſes of this Doctrine of 
Fluxions, which, 1 hope, may ſerve to give the 
Inquiſitive Reader a whet for a further perſuit of 
this matter; and he will find ſufficient Satisfacti · 
on, by peruſing the Authors above- mentioned, viz 
Newton, Wallis, Niewentiit, Carre, Leibnitz, (in 
the Act. Eruditor, Liꝑſiæ) and eſpecially the Ma 
quis L Hoſpital, his excellent Analyſe des Infini- 
ment Petits: Conſult alfo the Ingenious Mr. Abra- 
ham de Moivre, Specimina Doctrinæ Fluxionum in 
Philoſoph. TranſaR. N. 216. where you have much 
in a little on this Subject; And the Marrow of 
molt of theſe Authors you have in Mr. Hayes 
Treatiſe of Fluxions. N 


I. To find the Area of a Parabola. 
Let the Parameter be v = 1, let x to the 
Abſciſſa, and y = ro the Ordinate. 

Then by the Property of the Curve x = yy (be- 
cauſe p = 1.) | ET 

And conſequently, by Extraction of the Square 
Roots of each, and uſing the New Notation: 


þ 
8” 22> % 


Then Multiplying x* by x, the Fluxion of the 
Alſeiſſa, it will ſtand thus x z* = to the Fluxi- 
on of the Area, 

Laſtly, Find the Flowing Quantity anſwering 
to that Fluxion, and that ſhall give the Area in 
known Terms. To 


of 


. 4 eee 


e ein? 10 A 


7 * 
4 , 8 f + . 

© -- 1400 ; p F Ke * 27 4 4 1. 4 
"” EF a g 


o = 
ol; "s LE 391 


To do ONE I; Take War % and i it wil 
ber, n | 
tek; the 3 of * by Unit, it 

will and ** 1 Ip = 
3. Divide x x* by 1 «7 „ N 52 thus 


* *. 1 * | 
os iba — 1d the Quorienr will be 


7 


2/1 3 


ol © Lally, 
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Laſtly, inftead of x * Subſtitute, its Value or 
equal y: 1 be 2x to tlie Arca h V 
and that double ves che ww rea of 
Parabola m V O. 4 2 Lo: * th 


FE : ITo find the Paint T. where T M being 
drawn, ſhall be true Tangant to the barabela, 


The Property- of the . Is A = ef 


, * 
# — 4 


iT 


1, Find che Fluxion of tha: Equation, which 
is & 255 Nr 


27. 
9 


2. & => 


3. But 


„ rr 


l 


* 00 Hlarion. 


” 
* 


3. But by Slat Triangles, DE * 22, „ 
| PT rhe Sub-rangent. 6 ; 0 
4. "Therefore Subſtirging”; * ? (whichis = * 


HIT? NV 
by Step, 2) inflead of a, üb . PT. 
57 
5. And then by Expunging the 3 5„ 
being above and below, it will * 28 - = PT, 
6. Inſtead of 59, put its Value p x, (ſee the 


Property of the Curve) it will ſtand 72 


7 . 
That is, by Expunging | a 
7. 22 2 PI. 
Wherefore in the ben, the Point I is al- 
ways diſtant from P, the Foot of the Ordinate, 
by twice the length of che Abſciſſa. 
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